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The Downfall of the Sanctiity of the Molecule 


GEO. L. 
University of Illinois Department of Chemistry 


PON FIRST thought the above title 

suggests the possibility that bolshe- 
vism and other destructive forces so 
rampant in wars between nations, have 
somehow invaded the previously inviol- 
able precincts of science. The concept of 
the molecule as a distinctive entity in 
every bit of matter in any state —wheth- 
gas, liquid or solid, and the law of de- 
finite proportions for each substance, 
arising inevitably out of the concept of 
the molecule as a fundamental building 
unit, have been the foundation stones of 
chemistry. To doubt them, or to subject 
them to unprejudiced scrutiny, has 
seemed so irreverent and so dangerous 
to the fabric of the science built upon 
them that the process has been avoided 
for scores of years. And in so doing, the 
facts that would not fit, such as the com- 
plex structures of silicates, were ignored 
or airily dismissed. But at last the day 
of reckoning is upon us. A few fearless 
scientists and physicists have looked the 
facts squarely in the face and have led a 
revolution in thinking and in research. 
These traditional simplifying concepts 
have accomplished great good in our 
sciences; but taken over from the fields 
in which their validity is directly demon- 
strable to other fields in which their ap- 
plication is not demonstrable — or nec- 
essary — they have served only as hin- 
drance to truth. Freed from the con- 
straints of principles which govern gases 
and probably most liquids — molecules 
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and definite composition — knowledge of 
the solid state now progresses as a new 
and fascinating adventure. There was a 
time when the chemist sought by every 
means to destroy his solid by solution or 
melting before he analyzed it, because 
the familiar and safe molecule was obed- 
iently available. But now by a strange 
turn of events he is trying to freeze or 
crystallize or condense his molecules 
into a solid, so that he may critically 
scrutinize the architectural plan by pow- 
erful research tools, such as x-rays. 


COORDINATION POLYHEDRA 
IN SOLIDS 

HERE IS the molecule of NaCl in a 

crystal rocksalt? Yes, there is pre- 
sumably a molecule, NaCl, in the vapor 
of the salt, and splitting into ions in 
aqeous solution. Several years ago it was 
proved that in the rocksalt crystal, each 
sodium ion has six, equidistant, indis- 
tinguishable chloride ion neighbors at 
the corners of an octahedron; and each 
chloride ion has six equidistant sodium 
ion neighbors. So, if we were still trying 
to write molecular or structural for- 
mulas we should have to designate 
NaCl,, Na,Cl. Of course the overall ratio 
of sodium ions to chloride ions in the 
whole crystal is 1:1, just as it is in the 
single vapor molecule. Thus has arisen 
a great new crystal chemistry of poly- 
hedra or coordination groups around a 
central atom or ion or group, instead of 
the simple molecule. The properties of 
the positive plate of a storage battery, 
commonly given the formula PbO,, are 
accounted for not by discrete PbO, mole- 
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cules, but by octahedra of oxygen ions 
around each tetravalent lead atom, which 
are knit together on edges by the shar- 
ing of oxygen ions between octahedra 
to account for a 1:2 ratio. And even this 
integral ratio need not be obeyed, since 
the structure holds together down to a 
ratio of lead to oxygen ions of 1:1.66! 


STRUCTURAL FORMULAS OF SOLIDS 


Perhaps we have come into the habit 
of representing the structure of calcium 
carbonate (calcite) by a molecular for- 


mula something like this: =->>ca 


This no more represents the actual facts 
than a valence of 6 for carbon might. 
There is only one way to represent the 
structure of calcite—and even that is 
not accurately represented two-dimen- 
sionally on a sheet of paper: 


0 


N WORDS this means that 6 oxygen 

ions are bound to each calcium ion 
each with a bond strength of 4% (6 x 
1%4==2 charges balancing 2 positive 
charges on the calcium ion); three oxy- 
gen ions are at the corners of an equi- 
lateral triangle around each carbon; and 
each oxygen ion is bound to 2 calcium 
ions and 1 carbon. 

The compound with the empirical 
molecular formula PCl,;, which has so 
many interesting properties, has just 
been investigated in the solid state with 
remarkable results. Half of the phos- 
phorus atoms have four chloride ion 
neighbors at the corners of tetrahedra, 
and the other half have six neighbors at 
the corners of octahedra. The solid struc- 
ture is thus simply represented by 
(PCl,)*(PCI,)>. 

SILICATE MINERALS 

In these days there is no need to dis- 
miss tacitly the great range of mineral 
silicates or alloys or complex compounds 
because of molecular formulas, based on 
2 


chemical analyses of the sample with 
solid form destroyed, which seemed to 
be entirely contradictory to the familiar 
laws of valence and the chemical mole- 
cule. For every silicate, from the sim- 
plest pure orthosilicate, to the most com- 
plex clay or cement constituent is built 
basically from the tetrahedra of four 
oxygen ions around each silicon. Every 
single compound can be accounted for 
on the basis of single tetrahedra, two 
with a common corner, three sharing 3 
corners, sheets sharing three corners, 
and frameworks built from tetrahedra 
with all 4 corners shared with other 
tetrahedra, as follows: 
1. Independent tetrahedra 

Orthosilicates Oi = 4:1 
2. Two tetrahedra sharing one 

corner (1 oxygen) 


Thorveitite 42 
3. Closed rings sharing 2 cor- 
ners — 
Beryl 3:1 
4. Chains sharing two corners 
Pyroxenes 3:1 
5. Double chains sharing alter- 
nately 2 and 3 O 
Amphiboles (asbestos) 11:4 
6. Sheets sharing 3 O 
Micas 4 
7. Framework sharing 4 0 
Felspars, quartz, ete. 2:1 


OW WHEN allowance is made for the 

facts of departures from definite pro- 
portions in these compounds because 
aluminum ions may substitute for sili- 
con, fluoride for hydroxyl, etc., often 
without disturbing the structure because 
of similarity in size, a rational classifica- 
tion can be given. Chemical analysis says 
that topaz may H,AI,SiO,, or 
HAL SiFO,, or a whole variety or ratios 
of H, F and O; actually it is structuraliy 
constituted as (F, OH),AI,SiO,— a type 
1 structure, with the interchangeable 
fluoride, or hydroxyl, entirely differently 
bound than the tetrahedral SiO, oxygen 
ions. Hemimorphite, a familiar mineral, 
has the chemical formula H,Zn,SiO,; 


which says nothing except as to ratios 
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of the various atoms; actually it is 
(OH).Zn,Si,0,°H,O. Euclase used to be 
HBeAISiO,; now it fits beautifully into 
the building scheme as (OH)BeAISiO,. 
Tremolite was given the formula 
Ca,Mg,Si,0., whereas it is (OH, F).- 
Ca.Mg,Si,O.. (type 5). And in cases 
where aluminum ion Al* substitutes for 
Si in the tetrahedra, an ion of Na* or 
K* must, and does, enter the structure 
to compensate for the difference in 
charge. 


MIXED OXIDES 

OMETIMES valences and molecules 

play an amazingly unimportant role. 
The following compounds among others 
cystallize exactly alike: 

Ca**Ti#*O, — perovskite 
Y*AFP*O, 

Re*O, 

K*Meg*F, 

The charge is unimportant so long as 
6+- charges balance 6— charges (or 3 
balance 3 in KMgF,); one or two posi- 
tive ions is immaterial; oxygen or fluor- 
ide ions seem to make little difference. 
But it is essential that the positive ions 
of similar size coordinate negative ions 
of similar size around themselves in the 
same way so that polyhedra build up a 
common structural plan. It is especially 
significant that in KIO, the iodate ion 
with I°* does not exist as an entity as 
is true for CIO, groups in chlorates. 
Sodium bronze Na\VO, also has the 
perovskite structure, which it retains 
even though the composition varies to a 
deficiency in sodium atoms. In this case 
there must be vacancies in the lattice and 
one W** must change to a,\V for every 
missing Na*, these being distributed ab- 
solutely at random in order to retain the 
cubic crystal. This is the first example 
of a fascinating field of lattice defects 
and disorder in the solid state which will 
be further considered. 

Spinels, AB,O,, show similar interest- 
ing phenomena. The unit cell with eight 
molescules has 32 oxygen ions, four 
tetrahedrally coordinated with each A 


OCTOBER, 1940 


and six octahedrally with each B. Us- 
ually A is divalent (Mn**, Fe**, Co*, 
Ni**, Zn**, Mg**, etc.) and B trivalent 
(Al***, Cr+, Fe, Gat, etc.) bat 
only essential that the valences of A + 
2B shall be 8. The following curious 
facts have been established. (1) Besides 
the normal type of spinel above de- 
scribed, there is another described as 
“variate atom equipment.” In MgGa,Q,. 
half of the Ga* ions occupy the 4-fold 
coordinated positions, and the other half 
plus the Mg* ions are distributed at ran- 
dom over the 6-fold positions in other 
wods, B(AB)O,. (2) In ZnAl,O,, etc., 
the smaller ion (M**) has the higher co- 
ordination. (3) LiAl,O, has a_ spinel 
structure, deived from Mg,Al,O, by re- 
placing 2Mg** with Li*+Al’*). (4) S,, 
F,, and (CN), may replace O, in several 
compounds; the valence sums of A+B 
are 4 instead of 8 for the F- and CN- 
[BeLi,F,, ZnK,(CN),]. (5) Fe,O, and 
Al,O, form unlimited solid solutions 
with spinels for the reason that their 
structures are closely compatible — 32 
oxygen atoms and 211% cations distrib- 
uted over 24 positions, leaving 2 2-3 
cation positions vacant per unit cell. 


DISORDER IN THE SOLID STATE— 
DEFECT STRUCTURES 

HE OBSERVATIONS on perovskite 

and spinel structure types have intro- 
duced a revolutionary and fascinating 
new concept in the chemistry of the solid 
_ — that of disorder or defect in solid 
crystalline structures, first proposed by 
Stock in 1936. The following types are 
possible: 

1. Complete lattice; two or more 
chemically different atoms occupy crys- 
tallographically equivalent sites; called 
by Hassel “internal mixed crystal”: ex- 
amples, variate equipoint spinel, inter- 
metallic systems, (NH,),MoO,F, (Paul- 
ing), in which O* and F- occupy one 
set of equivalent positions, Li,Fe,O, and 
1a,TiO;, in which Li and Fe or Ti are 
just as randomly distributed as Cl and 
Br in a solid solution of KCl + KBr, 


(Continued on page 29) 
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ROSCOE E. DAVIS 


HE ILLINOIS Association of Chem- 

istry Teachers, and the cause of chem- 
ical education, suffered a severe loss at 
the death of our vice-president, Mr. Ros- 
coe E. Davis, of the Chicago Public 
Schools. 

Mr. Davis was widely known and 
highly respected for his ability as a 
teacher and for his unceasing efforts to 
promote the cause of chemistry. For 
many years he was a teacher and head 
of the chemistry department of the Lane 
Technical High School in Chicago, and 
during the last year of his career he de- 
voted full time to the improvement of 
the chemistry course of study for the 
Chicago school system. 

Mr. Davis was an enthusiastic sup- 
porter of various teacher organizations, 
including among others the Illinois As- 
sociation of Chemistry Teachers, the 
Central Association of Science and 
Mathematics Teachers, and the Chicago 
section of the American Chemical so- 
ciety. Due to his frequent attendance at 
the Illinois State High School Confer- 
ence he was well known to most of the 
physical science teachers of Illinois. Dur- 
ing the past vear he gained additional 
prestige as co-author of the popular 
text, Chemistry and You. His friends 
and associates owe much to his constant 
inspiration and encouragement. 


ASSOCIATION PROGRAMS 
Science teachers of Illinois and Texas 
should note the programs on pages 9, 
26, and 28. These have been arranged 
by State associations, and should prove 
of much interest in the respective states. 


FRONTISPIECE 
The picture on the cover illustrates 
the great power exerted by trees in 
wedging apart large rocks. This shows 
the active part played by living things 
in the weathering process. 
The tree shown was observed beside 


a stream bed in a forest region of cen- 
tral Idaho. 
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WHAT OF TEACHERS DURING 
A NATIONAL EMERGENCY? 


HILE government, business, and the 

military are utilizing every resource 
to strengthen our country against threat- 
ening forces, is it any less essential that 
teachers — directors of the greatest busi- 
ness and profession in the land — take 
stock of their production facilities, im- 
prove equipment, eliminate weaknesses, 
end thereby strengthen their products? 

Our government heads, our business 
icaders, and our milttary experts have 
suffered abundant critic:sm for earlier 
weaknesses and failures. They are now 
responding with power and productivity 
which we regard as typically American. 
Can teachers do less? 

EACHERS likewise have been criti- 

cized. Teaching needs improvement. 
Teachers also may discard obsolete 
methods and equipment, thereby increas- 
ing the efficiency of operations. Greater 
efficiency and more accurate control will 
improve the products in education just 
as certainly as in industry. 

Our entire nation is being called to 
more serious purpose, harder work and 
greater sacrifice. Teachers occupy a 
strategic position in that their products 
are required in every other field of en- 
deaver. Teacher organizations must lead 
toward better teaching, assisting the in- 
dividual in the several steps involved. 
Convention programs must publicize 
modern, efficient and effective methods 
and materials. Leadership in such asso- 
ciations must involve increasingly seri- 
ous responsibility for the condition and 
progress of the entire profession. 
T BECOMES a special privilege dur- 

ing critical times such as these to ex- 
tend urgent but cordial invitations to all 
teachers to become actively affiliated 
with an Association definitely engaged 
in the improvement of teaching, with 
members individually and _ collectively 
striving toward that perfection which 
must characterize our work if education 
is to regain the lead 

—Ray C. Soliday. 
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WORK PROJECTS FOR SCIENCE 
TEACHERS' ASSOCIATIONS 


HAT MAKES the difference between 

an active, aggressive, growing sci- 
ence teachers association and one that 
is not is a question we may well raise 
as interested members of various asso- 
ciations. Is it the good program, the 
suitable place for the meeting, luncheons, 
and the association with active teachers 
having problems common with our own 
that makes the greatest appeal to us as 
teachers? These factors are all very de- 
sirable and are sufficient reasons for hav- 
ing an association, but it is doubtful if 
these alone are sufficient to sell mem- 
berships to a large part of the beginning 
teachers as well as to the older ones 
that are nonmembers. A very common 
question among these teachers when ap- 
proached about membership is, “What 
is the association doing.” Unless that 
question can be answered satisfactorily 
in terms of accomplishments, rapid mem- 
bership growth cannot be expected. 


If we may learn from active science 
teachers’ associations and also from 
other active organized groups, we will 
see that undertaking a definite piece of 
work to reach some worth-while goal 
is the thing that gives driving power to 
and gives keen interest in the associa- 
tion itself. This gives the members some- 
thing to do, to think about, to be inter- 
ested in, a chance to express themselves, 
and not simply a chance to absorb and 
assimilate ideas. The people who count 
for most in any group are those that 
want to achieve something, to reach de- 
finite goals. The work project has proved 
itself a certain means of adding vigor 
and vitality to any group. 


HE QUESTION may be raised as to 
what are suitable goals for work in 
science teachers’ associations. The exact 
answer will depend upon the group and 
their needs. However, to clarify the idea 
the following suggestions are given. 
Some teacher groups, for example, may 
(Continued on page 40) 
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Successful Aquaria and Terraria 
JOHN W. THOMSON, JR. 


School Nature League 


N ORDER THAT the plants and ani- 
mals which are so useful in the stim- 
ulation of pupil interest in the natural 
science laboratory may be successfully 
kept alive, it is best, wherever possible, 
to simulate the conditions in which the 
animal lives in the out-of-doors. For this 
purpose the terrarium and the aquarium 
are among the most useful pieces of 
laboratory equipment, and these can be 
successfully maintained by following a 
few simple rules. 


THE AQUARIUM 
N CHOOSING a tank for the aquarium, 
get one with straight glass sides and 
a slate bottom, or one which is all glass 
and straight sided. The curved surfaces 
of globes not only distort the appear- 
ance of the contents but also reduce the 
surface exposed to the air for gaseous 
exchange. Place one or two inches of 
well-washed sand or gravel in the bot- 
tom and then fill the tank to within one 
or two inches of the top. Anacharis (Elo- 
dea), Vallisneria, Cabomba, Myriophyl- 
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lum or other submerged oxygenating 
plants can then be planted in the sand. 
If desired, a few floating plants such as 
Ceratopteris, Salvinia, or Lemna can be 
added for interest. It is best to allow 
the tank to stand for a full day before 
adding the animals, and to keep the 
aquarium in strong light but not in di- 
rect sunlight. The sunlight overheats the 
tank and also promotes the growth of 
the small green algae which soon cloud 
the water. A fresh-water mussel or clam 
introduced for a day or two will clear 
up a tank which has become cloudy, but 
it is so apt to die and suddenly foul the 
aquarium that it should not be left in 
for a longer period. In most schools, a 
glass cover over the top of the tank is 
essential. It may be supported on thin 
slices of cork or wood to allow air cir- 
culation to reach the surface of the 
water. 


HEN THE FISH are to be added, al- 
low about two inches of fish to a 
gallon of water, but do not include the 


An aquarium stimulates interest and aids in teaching 


Note — Drawings by SuZan Swain, Staff Artist 
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A serviceable terrarium can be made at low cost 


tail in making measurements. Try some 
of the native fishes such as catfish, sun- 
fish, mud minnows, and eels as well as 
the ubiquitos goldfish and common types 
of tropical toy fishes. A few snails and 
a newt or a tadpole add interesting va- 
riety to the aquarium. Aquatic insects 
make very interesting aquarium pets, but 
should be kept separated, as many are 
predaceous and others are good fish food. 
Turtles are apt to bite the fins and tails 
of the fish and so should not be kept 
with them. 


When there are ample quantities of 
green plants among which the fish can 
browse, one light feeding daily is suffi- 
cient and teachers need not worry about 
feeding over the week end. If the food 
is not eaten within a half hour, remove 
it with a dip tube so that it will not foul 
the aquarium. A floating ring prevents 
spread of food among the floating plants. 
The diet of the fishes can be varied by 
using prepared fish foods, dried or canned 
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shrimp, chopped fresh clams or oysters, 
liver, or live food such as Daphnia, Tubi- 
fex, and whiteworms (Enchytraeus). 
The young tadpoles which hatch from 
egg masses in the spring should be trans- 
ferred to an aquarium which contains no 
other animals and fed on tiny bits of 
yolk or hard-boiled egg, or liver. As they 
grow older they may be fed the same 
diet as the fish. 


THE TERRARIUM 


OR THE terrarium, as for the aqua- 
rium, a straight-sided container is most 
satisfactory. An old leaky aquarium tank 
often proves useful in this capacity, or 
an inexpensive container can be made 
by having glass sides cut to fit a rec- 
tangular baking pan. The sides can then 
be taped together with scotch tape, ad- 
hesive tape or some other waterproof 
tape and imbedded in about three-fourths 
of an inch of freshly mixed plaster-of- 


paris in the metal pan. A small insect 
(Continued on page 30) 
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Serving Texas by Teaching Chemurgy 
ROY J. LEFFINGWELL 


North Texas State Teachers College 


F AN INVADING army were to take 
some $200,000,000 from the State of 
Texas, most people would be up in arms. 
We have not been invaded, but Texas 
farmers have lost’ $200,000,000 recently 
(taking into consideration the millions 
of dollars of farm benefits paid to farm- 
ers by the federal government). Cotton 
farmers have been reduced almost to a 
state of peonage with but slight hope in 
view through planting of more cotton. 

This concerns teachers because there 
is a direct ratio between farm prosperity 
and money available for schools. These 
are a few of the conditions facing the 
farmer: His income’ has dropped from 
13 billion dollars in 1929 to 5 billion in 
1932. (It may be 8 billion in 1940). The 
average person consumes only 1600 
pounds of food per year. Only about 100 
millions acres of land are needed to raise 
this food and clothe everyone. Yet the 
U.S. now has about 300 million acres 
in cultivation! Unless we can export 
profitably vast quantities of farm prod- 
ucts or use the crops for other purposes 
than food, two-thirds of our land must 
remain idle. 


UR HIGH LABOR standards keep us 

from being in a favorable position to 
export large quantities of farm products. 
We must find new non-food uses for 
farm products. In this work, a new word 
has come into use, Chemurgy, meaning 
the putting of chemistry to work. It is 
not a panacea for farm or industrial 
problems, but much can be done with it 
to help solve them. 


Will new uses of farm crops replace 
present uses of other materials and cause 
unemployment in certain industries? No; 
most new farm products are entirely new 
materials. Their only competition will be 
with products that are imported at pres- 
ent. Here are some of our agricultural 
imports for the year 1937: 
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. 400,000,000 Ibs. 
100,000,000 Ibs. 


Tapioca (starch) 

SOVDEANS 

Cottonseed oil ... 1,200,000,000 Ibs. 

Wool and Mohair .. 300,000,000 Ibs. 

We can produce these materials (or 
the equivalent for tapioca) on the acres 
of idle land in the U. S. Since much of 
this idle land is in the South, this pre- 
sents a great economic opportunity for 
the South. 

HE NORTH TEXAS State Teachers 

College at Denton has presented the 
first course in Chemurgy to be offered 
in the United States. Mr. Gilbert W41l- 
son, an outstanding young scientist and 
a former student of the college, was se- 
cured by President McConnell to pre- 
sent this course last summer. It was so 
successful that it was necessary to in- 
corporate the course into the regular 
schedule of the Chemistry Department. 
Mr. Wilson had distinguished himself 
through several years of research on the 
sweet potato while he was a science 
teacher at the White Oak School in 
East Texas. 

So far the Chemurgy classes have bevn 
small groups working at research. The 
only prerequisite has been general chem- 
istry, but some quantitative, qualitative, 
and organic chemistry may be made pre- 
requisite soon. East Texas farm prod- 
ucts have been the subjects so far, espe- 
cially the sweet potato and the soybean. 

HIS YEAR Mr. Wilson’s class has 

worked on the dehydration of the 
sweet potato, for which they have con- 
structed pilot plant equipment. This 
study of the dehydration of the sweet 
potato has produced in our laboratories 
a sweet potato “flour.” Through finan- 
cial assistance from the Denton Cham- 
ber of Commerce, a thousand 1-pound 
sacks of this produca have been pro- 
duced to determine its commercial pos- 
sobilities. Requests for samples have 


(Continued on page 33) 
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Free and Inexpensive Science Teaching Aids ~~ 
WILLIAM A. BETTS 


University High School 


OMMERCIAL, concerns offer a wide 

variety of material for the enrichment 
of the science curriculum. The amount 
of advertising in these aids is decreasing, 
and there is a tendency toward scientific 
truthfulness. Literature, charts, and dis- 
plays of many companies reflect the 
careful work of skilled educators with 
experience in public schools. The pic- 
tures appearing in some booklets and 
charts are superior in photography and 
instructional value to those found in 
textbooks. (The clever advertising man- 
ager does not fill in extra space with 
meaningless illustrations.) Teachers can 
use these materials to build up the sci- 
ence classroom library as well as their 
personal libraries. No cheaper or better 
way of keeping up with the advances in 
applied science could be recommended. 


Use school stationery when writing 
for these materials. Give average age of 


Austin, Texas 


the children vou teach and the branches 
of science in which you are most inter- 
ested. Request that they send any other 
available materials that might be used 
in your situation and that your name be 
placed on their mailing list. Address the 
envelope in care of the advertising, the 
sales, or the public relations department. 


HE INVISIBLE ENEMY, a 62-page 

booklet issued free to teachers by The 
Frigidaire Corporation of Dayton, Ohio. 
A study of the cause, prevention, and 
effects of food spoilage. For the biologi- 
cal sciences in senior and junior high 
schools. Profusely and excellently illus- 
trated. 

The Picture Story of Steel (47 p.) and 
Steel Serves the Farmer (20 p.), both 
issued by the American Iron and Steel 
Institute, 350 Fifth Avenue, New York 
City. The former will vitalize the world 
picture of chemistry students studying 

(Continued on page 33) 


Program 


Texas Association of Science Teachers 
1940-41 Annual Meeting 
Place: Fort Worth, Texas (exact address to be announced later) 


Time: 9 o'clock a.m., Friday, November 22, 1940 


\. Business meeting 


a. Reports on membership and finances. 


». Discussion of fusing the publication, The Texas Science Teacher, with the 
national publication, The Science Teacher. 


c. Election of officers. 


2. Talk: “A Program for Training Science Teachers,” 


B. F. Pittenger, Dean, 


School of Education, University of Texas. 


3. Talk: “Chemurgy at Work for Texas,” Gilbert C. Wilson, North Texas State 
Teachers College, Denton. 
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Science for Society 


EDITED BY JOSEPH SINGERMAN 


A department in which science is presented in its close relationship to the individual and in which 
guidance is given in causing the individual to recognize the methods of science and its vast social implications. 


SCIENCE FOR 


HE OTHER DAY I received a state- 

ment informing me of my partnership 
in a quarter million miles of railway 
lines —electric plants doing over 120 
billion kilowatt-hours of business a year 
— plantations of corn spreading over a 
hundred million acres —almost half a 
trillion cubic feet of standing timber — 
and so on and on. The statement is in 
the form of a pamphlet issued by the 
National Resources Planning Board.’ 
My pupils are pleased to know that they, 
too, are partners in this fabulous enter- 
prise. The pamphlet opens with the fol- 
lowing rather boastful passage: 


“Our American ideals and institutions 
are the greatest of our American re- 
sources — not our material assets, impor- 
tant as their massive totals are. The dy- 
namic energy of our American people, our 
ingenuity in invention, our facility in or- 
ganization, American courage and _ re- 
sourcefulness—these are our greatest 
treasures. Out of these qualities, America 
was wrought by its builders, and on these 
qualities our future depends. 

“Our free institutions, industrial and 
governmental, our democratic way of life, 
our high ideals of libert-- and jutsice — 
these are more significant than our fer- 
tile lands, our masses of gold, our vast 
reserves of minerals, our great manu- 
facturing and transportation systems.” 


OUR MOST IMPORTANT RESOURCE 
HIS QUOTATION is an expression of 
lofty sentiments. But it falls short in 
two ways, not so much in what it says 
as in what it fails to emphasize. These 
are apparent from the exposition in the 
very pamphlet of which this quotation 
is a foreword. The very next page gives 
first place to our most important re- 
source —the population of this proud 
nation. After all, institutions have no in- 
trinsic value — their value stems from 
the benefits which they bestow upon the 
people. Institutions and ideals are worthy 
insofar as they contribute toward a good 
life for all—a successful life, mentally 


DEMOCRACY 


and physically. We subscribe, and I hope 
that we shall continue to subscribe, to 
the democratic ideal that the state exists, 
primarily, to serve the people, not the 
people the state, as is the case under 
totalitarian rule. 


This concerns us as science teachers, 
first, because we are primarily teachers 
of youth. It is they to whom we are 
about to entrust the torch of liberty, and 
we teachers play a vital part in mould- 
ing youth into the trustees of tomorrow. 
This concerns us, secondly, because, as 
science teachers, we are obligated to 
teach the need for conservation of na- 
tional resources. National well-being and 
defense require that this item receive in- 
creased attention. Whether we consider 
a state of peaceful living, the problem of 
national defense, preparation for war, or 
an actual state of war, the people who 
inhabit this country are its most impor- 
tant resource. This leads me to my sec- 
ond criticism of the foreword. The key 
to this shortcoming is hidden in its clos- 
ing paragaph: 

“America is a symbol not only of wealth 
and power, but of human hope for a rich- 
er and finer life, opening out to all men 


who are willing to work together in a 
democratic way.” 


S HAS OFTEN been pointed out, the 

free access which the early settlers en- 
joved to nature’s material wealth has 
provided the medium upon which the 
growth and development of our ideals 
of liberty and democracy have been cul- 
tured. In other words, the material re- 
sources of this land have constituted one 
of the basic essentials for the successful 
development of our institutions and 
ideals. 

This does not necessarily mean that 
our democracy is more secure today be- 
cause our population has grown to some 
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130 millions and the nation’s yearly con- 
sumption has mounted to 60 billions of 
dollars, with production ten _ billions 
higher; or because we have put to use a 
yearly hydroelectric power output of 45 
billion kilowatt-hours. Though our na- 
tion is far more wealthy today, the 
foundations of its democratic institutions 
are being strained more than ever. Let 
us examine this apparent contradiction 
more closely. To the early American 
settler, nature’s resources were avail- 
able in apparently limitless quantity, and 
almost without restriction, other than 
that imposed by nature herself and the 
limits of man’s power and skill. This 
made it possible for an approximation 
to an equitable distribution of the prod- 
ucts wrested from the natural resources 
of the country. But, while, “In the time 
of Jefferson probably at least eighty per- 
cent of the people gained their livelihood 
thru the ownership and personal opera- 
tion of productive property,” today, 
though our productive capacity has ex- 
panded enormously, “fewer than twenty 
percent of the people possess nearly 
everything while eighty percent own 
practically nothing except chattels.” 
While “our high ideals of liberty and 
justice ... are more significant than our 
fertile lands, our masses of gold, our 
vast resources of minerals, our great 
manufacturing and transportation sys- 
tem,” the former can be preserved only 
with the preservation of an equitable 
distribution of the material benefits. 


HIS OUR government has acknowl- 

edged, in principle at least, by the 
assumption of various responsibilities. 
Among these are: public education, “so- 
cial security” legislation, anti-trust laws, 
establishment of machinery to protect 
labor union activity, the enactment of 
graded income tax schedules, the crea- 
tion of the various alphabets — WPA, 
AAA, FSA, NYA, CCC, and assumption 
of the handling of relief problems. These 
enterprises must be considered, at least 
in part, in the light of conservation of 
our human resources. 
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The early settlers felt no need for con- 
serving the natural resources; and, as 
rugged individualists. they wrested from 
nature what they needed. When the soil 
gave out, or the timber supply dwindled, 
they simply pushed on into virgin terri- 
tory. This disregard for the “storehouse 
of civilization” has been transmitted 
through the generations of American life 
until we find, today, one third of the 
topsoil gone and our forests still being 
cut 160 percent faster than the new 
growth. Similar reports are familiar con- 
cerning our wildlife, water supplies, and 
certain precious mineral and fuel de- 
posits. I do not mean to blame the early 
Americans. On the contrary, for the 
early development of the country, rug- 
gedness and individualism were essen- 
tial. But we have come a long way in 
the short period of our national life, and 
our present population and the nature 
and tempo of industrial enterprise re- 
quire an adjusted attitude toward the 
use of our resources. 


ON THE PUPILS’ LEVEL 
T IS THE AIM of the able teacher to 
pesent the subject matter in a way 
that youngsters will understand. The 
analogy between the need for conserva- 
tion and the advisability of using a bank 
account with caution is helpful indeed. 
It is a close analogy in the case of de- 
pletable resources, such as coal, oil, iron 
and natural gas. Soil, however, need not 
be depleted, provided it is used wisely. 
In fact, the intelligent application of 
science can be used to improve this re- 
source. This is like spending part of 
one’s bank account for an education or 
for the purpose of building a workshop 
so that before the supply of money can 
show an alarming state of affairs, the 
reserve may be replenished by putting 
the education or the workshop to pro- 
ductive use. 


STUDENT REPORTS 


Here are some suggestions of topics 
for reports which will give the pupil a 
more realistic slant on some problems of 

(Continued on page 26) 
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State Teachers College 


Science Clubs at Work 


EDITED BY KARL F. OERLEIN 


California, Pennsylvania 


A department devoted to the recognition of the splendid work being done by the science club members 


and their sponsors in the various State Junior Academies of Science. 


Material for this department, such as 


student made projects; demonstrations and posters; outstanding club programs; state and regional meeting 


announcements; should be sent to Dr. Oerlein. 


Building an Oudin Coil 


DAVE LAWRENCE 


Normandy High School 


INTRODUCTION 
NTEREST WAS aroused in building 
an Oudin Coil when one was seen in 
operation at a trade school in St. Louis. 
Someone at Normandy High School had 
started to build a coil two years before. 
The development had not been satis- 
factory, so the present coil was started. 
- Very little was known about the coil, so 
the whole unit was built by guesswork. 


DESCRIPTION OF ACTIVITY 


The apparatus consisted of a Jefferson 
neon sign transformer, a paraffin im- 
pregnated aluminum foil glass condens- 
er, a rotary spark gap, a primary coil 
of 13 turns and a secondary coil of 800 
turns. A protective spark gap was used 
to lessen the possibility of the con- 
danser breaking down. The transformer 
delivered 15,000 volts at 30 mils when 
not subjected to any load. When in op- 
eration, however, it delivers a voltage of 
approximately 10,000. 

The condenser was made of sheets of 
aluminum foil, three inches wide and 
ten inches long separated by single 
weight window glass, 6 inches wide and 
10 inches long. The condenser was as- 
sembled and then immersed in paraffin, 
which was allowed to harden. 


HE ROTARY spark gap was a disc 
of aluminum 10 inches in diameter 
with 12 teeth, revolving between two 
brass electrodes 1 inch wide and % inch 
thick. The disc was belt driven at a 
speed of 3500 R.P.M. by a % H.P. in- 
duction motor. 
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High School Student 


St. Louis, Missouri 


Operating an Oudin Coil 


The primary coil was made of paper 
tape 1 inch wide, to which aluminum foil 
had been cemented with orange shellac. 
The turns of the primary were spaced 
with cotton clothesline rope soaked in 
shellac which was allowed to dry after 
the coil was assembled. Aithough this 
arrangement did not seem practical, it 
worked quite satisfactorily. 


The secondary coil consisted of No. 
28 enameled copper wire wound on a 
(Continued on page 34) 
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Fun With Photomicography 


MARCELLA WINGERT* 


Altoona High School Student 


NE OF THE most interesting hobbies 

I can think of is that of photomicrog- 
raphy. This is the art of taking pictures 
through a microscope. The equipment 
needed for this project is, of course, a 
microscope, a camera, and an adapter of 
some sort to bring them together. Of 
course, you can buy micro-adapters for 
most camers, but I think it really makes 
it more interesting if vou can make your 
own. Mine consists of an old four by five 
inch view camera which I found in the 
attic minus a lens, and a_ hardwood 
frame built especially for this purpose. 
The camera is mounted on this frame 
with two screws in such a way that it 
can be moved up and down to accommo- 
date different size microscopes with dif- 
ferent focal lengths. 


Altoona, Pennsylvania 


this problem is to take a picture of the 
specimen while you have it under the 
microscope? Then you have a permanent 
record to which you can refer. 


O REALLY HAVE some fun with this 

hobby, you might be able to discour- 
age vour friends from eating many things 
which they hitherto enjoyed, by showing 
them pictures of what that food looks 
like under the microscope. One thing 
that is quite horrifying is a portrait of 
a vinegar eel. These little animals in- 
habit the vinegar and swim about so 
fast that it is very difficult to photo- 
graph them. 

But aside from having fun, you can 
do some very practical work with this 
hobby. It is invaluable in research work 
of any kind, in which a microscope is 


Photomicrographs showing 


Onion Cells 


Have you ever looked through a mi- 
croscope and seen something you would 
like to show someone else, but then when 
you see that person later and try to 
again focus upon the same thing you find 
that you can’t get it? One way to solve 


* President of Pennsylvania Junior Academy 
of Science for 1940. Member of Altoona Sci- 
ence Club. Age 18. 
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Coarse Cloth 


Starch Grains 


used. By taking pictures of your ob- 
servations, you can present absolute 
proof of your deductions. 


O TAKE PICTURES of this sort, you 

should use a fast panchromatic film. 

A photoflood light should be focused on 

the reflecting mirror of the microscope. 

The object to be photographed shou!d 
(Continued on page 34) 
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The Human Life Span -- A Teaching Unit 


ANITA D. LATON 


Bureau of Educational Research in Science 


E HEAR MUCH these days about 

science remaking the world. Generally 
when we do, what is meant is that we 
have automobiles to take us places, ra- 
dios to bring us news, machines to make 
our clothes, electrical devices to do our 
housekeeping, movies to entertain us. I 
would like to draw attention to some of 
the results of scientific research and in- 
ventions in our very lives themselves 

For one thing, we actually live longer. 
There are more old people in the world 
today than ever before in the history of 
the world. People like you and me can 
expect to live longer than any similar 
group that ever lived before. How we 
are going to find places for our elderly 
is worrying hundreds of thousands of 
families; every city and every state is 
facing the problem. And those of us not 
yet old are wondering how we can best 
plan for our old age, how we can main- 
tain financial independence, how we can 
continue to make contributions to the 
world, what satisfactions we can expect 
to get out of life. 


T THE OTHER END of the life span, 

fewer babies are being born, but those 
that are born in most cases live to grow 
up. That means fewer mothers dying in 
childbirth, fewer women spending all 
their time and energy bringing up chil- 
dren. It also means that boys and girls, 
especially girls, now in school can look 
forward to quite different lives than 
their grandparents lived, with more lei- 
sure, more opportunity for education, 
more time for work and community af- 
fairs. It seems desirable in education to 
take account of such changes, changes 
that are influencing our whole culture, 
our family life, our economic structure, 
our leisure, our philosophy. 

There is already included in most sci- 
ence curricula some material about hu- 
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man Deings. This is mostly in the form 
of isolated small units, something about 
nutrition, circulation, teeth, something 
about habit formation, something about 
diseases. Some children are weighed and 
measured regularly and learn something 
about growth. I am suggesting that these 
materials, and others, will be more mean- 
ingful if they are studied in their rela- 
tion to the total life span. It is interest- 
ing to remember in this connection that 
we already teach material about plants, 
insects, fish, in relation to their life 
cycles. 

We are more interested in ourselves 
than anything else in the world. We 
fairly bristle with questions. You, for 
example, are mostly engaged in teaching 
youngsters in the seventh, eighth, and 
ninth grades; and you and their parents * 
spend a good deal of your waking and 
sleeping time wondering just what 
makes twelve-, thirteen-, and fourteen- 
year-olds tick, and just what you can do 
to help them along. Teachers of junior 
high school students are always asking 
why they act the way they do? How 
can they be taught manners? What can 
I do to make them work? How can I 
make them pay attention? But under- 
neath the question perhaps is: Should 
they be more grown-up? How can I help 
them grow up? A good many of us are 
still wondering whether adolescence has 
to be a time of stress and strain. Can 
they be helped to grow up more peace- 
fully? Do the boys have to be rough and 
noisy? It is necessary that they chew 
gum and run through the halls and whis- 
per? Do the girls have to be so giggly? 


E FEEL responsible for their futures. 
We wonder whether the I.Q. really 
does change. Should this boy be encour- 
aged to go on into a college preparatory 
course? Should this one go into a voca- 
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school? What is ahead of them 


tional 
anyway? How can they be helped to get 
ready to earn money? Or would it be 
more realistic just to prepare them for 
W.P.A.? 


Parents wonder when they can _ be 
trusted with their own money. Should 
they buy their own clothes? Should they 
have latch keys of their own, and if they 
do, what will happen to them? Should 
they go out alone at night? How many 
times a week should they go to the 
movies? Why do they pick out such dis- 
reputable friends? Why do they seem to 
trust their friends so much more than 
they do their families? Where do they 
pick up such language? Why don’t they 
read better books? Why won't they go to 
bed at a decent hour? Why won’t they 
work around the house? 


The twelve-, thirteen-, and fourteen- 
year-olds have their own questions about 
themselves, and about everybody else at 
all stages of the life span. They want to 
know where babies come from, just as 
all of us do. Why do they have to put 
some babies in incubators? What makes 
twins or quintuplets? Can you tell be- 
fore a baby is born whether it will be 
twins, or whether it will be a boy or a 
girl? 


Some of them have a weird assort- 
ment of superstitions about prenatal im- 
pressions. Some have very mature ques- 
tions as to the economic aspects of hav- 
ing babies. They want to know why they 
cost so much, whether you ought to have 
a doctor or whether a midwife or a 
grandmother won’t do as well. Does it 
hurt the mother? 


Many of them have never seen young 
babies. Given an opportunity, they are 
tremendously interested, boys and girls 
alike. They are interested in their size 
and weight, in their lack of hair and 
teeth, the way their eyes cross and don’t 
track, in what they eat, in how much 
they sleep, in their first smiles, their first 
tears, the changing color of their eyes. 
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HERE ARE some junior high school 

students who know all too much about 
They need to know something about the 
babies from having to help take care of 
one after another in their own families. 
disadvantages of pacifiers, the values of 
routine, how to safeguard play, why they 
should not scare babies and children into 
submission, how to help them help them- 
selves with their clothes, their food, their 
tovs. 

Junior high school youngsters are so 
varied in their development that their 
interests and questions about themselves 
are most varied. Some are wondering 
why they are growing so fast; will they 
ever stop? Others wonder if they are al- 
ways going to remain runts. And some 
of the rapidly growing ones have the 
same puzzles about themselves as their 
teachers and parents — why they feel so 
lazy all the time, why they want to just 
sit. The girls as a group are more ma- 
ture than the boys and wonder why the 
boys have to be such roughnecks, why 
they won't come to parties, and dance 
and act like gentlemen. The boys in 
general are not so mature and they are 
apt to resent the girls’ maturity, to think 
them and their ways silly. Girls may 
pride themselves on their new maturity, 
but they are puzzled about the physio- 
logical changes taking place, especially 
when all they know about what is hap- 
pening to them comes from embarrassed 
parents or gossiping older girls. They 
worry about how old you have to be 
before you can have a baby, how did 
so-and-so get a baby when she wasn’t 
married. Am I like other girls? When 
can I have a boy friend? How can I get 
him? How can I keep him? 


Both boys and girls are beginning to 
want to be independent. Why can’t I 
spend my own money? Why can’t I 
choose my own clothes? Why do I have 
to go to bed so early, like a baby? Why 
do I have to keep on going to Sunday 
School? Why can’t I go to the movies 
more than once a week? 

(Continuctl on page 35) 
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Putting Pep in the Physics Course 
R. W. WOLINE 


Shortridge High School 


HE ENROLLMENT in the science 

department varies directly with the 
enthusiasm of the science students. En- 
rollment next year will depend upon the 
enthusiasm of this year’s students. This 
will be especially true if the science 
courses are elective, whether we like it 
or not. This paper is an attempt to de- 
scribe briefly a few of the methods 
which have been of value to me in arous- 
ing students’ interest. 


(1) science club is an excellent 
means of stimulating lively interest. For 
text book material on clubs I refer you 
to McKown’s books, “Extra-Curricular 
Activities, Home Room Guidance, and 
School Clubs (Macmillan Company). 

One of the first requisites of a good 
club is to manage somehow to have a 
good president. Generally the members 
will see to this themselves, but there 
are times when it will be advisable for 
the sponsor to feel out the members 
before the election of new officers to 
see if the sentiment is running in favor 
of one of the good leaders in the club. 

Next, the club must have a good pro- 
gram committee and it is advisable to 
plan the programs for the entire year 
in advance. Last year we made a small 
booklet which contained the schedule 
of programs for the entire year. We 
have used Eastman’s Elementary Pho- 
tography course with much success as 
the theme of our club work. The club 
should affiliate with the Junior Academy 
of Science of the state and should take 
part in its regular meetings. 


Due to the wide disparity between 
freshmen and upperclassmen, I have 
found it best to have two clubs, one 
for the freshmen and general science 
students and one for the physics and 
chemistry students. This makes more 
work, but I believe it is worth the extra 
effort. 
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(2) Physics students are interested in 
“big experiments.” When we studied 
Pascal’s Law, for example, we connected 
a cylinder and piston with a vertical 
glass tube in such a manner that stu- 
dents could force water up the glass 
tubing. Imagine their amazement when 
they had difficulty in forcing the water 
to a height of more than ten feet. With 
this particular cylinder one boy was 
able to force the water to a height of 
about 20 feet. The class figured out 
that this column of water weighed only 
4 or 5 ounces, but that it exerted a 
pressure of about 8 2-3 pounds per 
square inch, or a total force of about 
170 pounds against the piston in the 
cylinder. I think these students under- 
stood liquid pressure better than any of 
my previous classes, 


When we got to levers and the pen- 
dulum we used the ideas described by 
Mr. Scott, of Lane Technical High 
School in the November, 1937, issue of 
School Science and Mathematics. Mr. 


Scott suggests that we use levers which 
are levers when doing lever experiments 
rather than meter sticks. He explains 
in detail how a lever can be made from 
a ten-foot two-by-four of cypress. Sus- 
pend the lever from one of the girders 
in the ceiling, use lead shot in _half- 
gallon buckets for weights and watch 
the boys go after that lever. To quote 
one of Mr. Scott’s boys: “When that 
lever tips, the whole building seems to 
tip with it.” Mr. Scott also describes 
a “grand style” wheel and axle, suggests 
the use of a pressure boiler for our 
small steam boiler and would have us 
borrow the athletic department’s shot 
put for our pendulum experiments. Well, 
why not? People are always attracted 
by anything done up in a “grand style.” 
Let’s use the “grand style” when we 
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can as long as we don’t sacrifice any 
fundamentals. 

(3) In order to create a_ certain 
amount of “atmosphere” in our depart- 
ment, we have pictures of many of the 
great scientists of the past and present 
hanging on the walls. These particular 
pictures may be secured from the Jour- 
nal of Chemical Education at a nominal 
price. We secured our frames by pur- 
chasing framed pictures of movie stars 
at the dime store for twenty cents each. 
By auctioning off the movie star pic- 
tures to the students the actual cost of 
a frame for a picture was ten cents. 
When a new name comes up in our 
textbook or elsewhere, having the pic- 
ture on the desk so it can be shown to 
the class creates additional interest. A 
file is used that contains an alpliabetic- 
ally-arranged card index of the names 
of the scientists whose pictures are 
available. If a name comes up unex- 
pectedly so that the picture is not on 
the lecture desk, it takes but a moment 
to locate the name in the file and to 
ascertain the number of the picture. 
Then one can get the picture from the 
wall at once or refer the students to the 
picture by number. 

(4) Our school holds a_ Parents’ 
Night every fall. Last fall the students 
of the science department set up as 
many demonstrations as space would 
permit. The demonstration apparatus 
was in actual operation and was ex- 
plained by the students. It was a rela- 
tively easy matter to outline a series of 
demostrations and to secure students 
who were anxious to get out the re- 
quired apparatus and set it up. Some 
of the demonstrations included specific 
gravity, pile-driver in operation, home- 
made radio, preparation of oxygen, hy- 
drogen, and carbon dioxide. 

(5) We also have a regular “assistant 
staff.” This staff is composed of stu- 
dents who are ambitious and willing to 
work. These students get out apparatus 
for the week’s experiments in physics 
and chemistry, keep the apparatus clean 
and in order, keep the laboratory clean 
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and in order, check papers, run the dis- 
pensing room in chemistry, and do many 
odd jobs that come up in the science 
laboratory. 

(6) Projects offer another means of 
arousing interest and also give the ambi- 
tious student an opportunity to develop 
his talents in the channels of his partic- 
ular interest. Each of my students is 
required to make at least one project 
per year. Some make several and a few, 
much to my distress, have difficulty in 
getting one made. 

Since many students are always ask- 
ing, “What can I do for a possible proj- 
ect?” I made out a list of possibilities. 
This list contained some 200 suggestions 
and stated where the directions could 
be found, if we had directions available. 
The list is not original, but is rather a 
compilation and is far from complete; 
but it does offer suggestions to the stu- 
dent who has no idea what to do for a 
project. 

(7) Many students are always want- 
ing to do supplementary work for extra 
credit. This can be handled easily by 
‘means of additional experiments or by 
reading reports. Here again the ques- 
tion arises, “What can I read?” . This 
can be answered best if one has a list 
of reading topics. I have compiled such 
a list which contains a wide diversity 
of topics and I now find some of my 
students are turning in optional work at 
regular intervals. This work is purely 
voluntary on the student’s part and is 
rewarded by a word of commendation, 
and by an extra grade or two in the 
record book, if merited. 


(8) The last two items bring up the 
question of posting materials so they 
are always available. Bulletin boards 
serve well for the posting of clippings 
from both newspapers and magazines. 

(9) Newspapers and magazines sug- 
gest reading. We have a reading table 
in our laboratory and we attempt to 
keep several of the better popular mag- 
azines available, as well as the popular 
scientific magazines. Some of the mag- 


(Continued on page 32) 
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Crystal Lattice Models from Potatoes 


WM. H. STAMMER 


University of Illinois Student 


Urbana, Illinois 


Fig. A. Body centered cubic lattice 


ANY HIGH SCHOOL teachers while 

teaching the chemistry of carbon in 
its various allotropic forms have been 
confronted with the question, “Why does 
graphite conduct a current of electricity 
while the diamond does not?” or “Why 
cannot diamond dust be used as a lubri- 
cant the same way in which graphite is 
used?” The answers to these questions 
lie in the crystal structures of the allo- 
tropic forms of carbon. After attempting 
to draw three dimensional figures on the 
board and to give the student a word 
picture, the instructor will begin to ap- 
preciate the need of appropriate models 
to illustrate his explanation. 


Considering such a situation at hand, 
it is apparent that graphite and diamond 
lattices are necessary. It is true that 
photographs of such models exist, but 
they are not as meaningful as the three 
dimensional figures. Consulting the cat- 
alog of a large chemical supply house 
one finds that the graphite structure 
model lists at $15.50, while the diamond 
structure model lists at $17.25. The lim- 
ited use to which these models are put 
makes such a price prohibitive, especially 
in the small high school, but does not 


and octahedral crystal formation 


do away with their need in answering 
these questions. It is now possible, by 
the method described below, to build a 
set of models at a trifling cost. 

Photograph number 2 represents the 
graphite lattice which in actual size is 
5 x 12 inches overall, while photograph 
number 2 represents the diamond lattice 
which is 9 x 14 inches overall in actual 
size. From these models the student can 
actually see that the carbon atoms of 
the graphite lattice are in definite planes 
and have only three valence bonds sat- 
isfied. These facts account for the lubri- 
cating and current conducting properties 
of this form of carbon. Considering the 
diamond lattice, the student can readily 
see that all of the valence bonds are sat- 
isfied and that the interlocking arrange- 
ment of the carbon atoms will not allow 
for free sliding or lubricating properties. 
The actual cost for both of these models 
was less than five cents and a few hours 
time. 


HE MATERIAL USED for the con- 

struction of these models and the oth- 
ers shown were toothpicks, cubed raw 
potatoes, straight pins and corrugated 
cardboard. The carbon atoms are repre- 
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sented by one half inch cubes of raw 
potato, the bonds are toothpicks, and 
the pins are used to hold the structure 
in place on the base of corrugated card- 
board. These particular models were 
built from photographs and drawings of 
commercial models. 


The method used was simple. The 
ground plan or placement of the first 
layer of atoms was marked out on the 
baseboard. (Note the base of photograph 
2.) The potato was cut into half-inch 
cubes and the assembling started. It was 
found that placing the blunt end of the 
toothpick into the cube while it set on 
a-firm surface left the sharp pointed end 
tree te connect with other cubes in less 
convenient positions. All the cubes form- 
ing the “ground floor,” or first layer, 
were pinned to their place on the cor- 
cugated cardboard base. Care was taken 
to see that the toothpick went clear 
through the potato cube to the opposite 
-dge and that it was placed as near to 
the center of the cube as possible and 
it the proper angle. Best results are ob- 
tained by driving the blunt end of the 
toothpick first when making the various 
connections with the cubes that are to 
form the subsequent layers of atoms. 
Che corrugated cardboard is used as a 
base to allow for correct spacing and 
for convenient handling. Models of the 


Fig. 2. Graphite lattice 
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graphite structure have been built with- 
out such a base and have resulted in 
stable and durable structures. The raw 
potato when exposed to air will turn 
gray-black and become dry. The advan- 
tage of this drying process is that the 
cubes shrink onto the toothpicks and 
form a firm union. About twelve hours 
or over night is sufficient time for the 
structure to dry and set firmly. Models 
over a week old at the time of this arti- 
cle show no further deterioration. The 
approximate building time for the mod- 
els of the size pictured here was about 
two hours each. 


Photograph number 1 shows the crys- 
tal lattice of sodium chloride. The actual 
size of this model is 6 x 6 inches over- 
all. Close examination of the photograph 
will reveal a difference in the color of 
the atoms in the lattice denoting sodium 
and chlorine atoms. To achieve this ef- 
fect the raw potato cubes were immersed 
in ordinary blue ink, dried in air, and 
put in their planes in the lattice. Photo- 
graph A shows the body-centered cubic 
lattice and the octohedral crystal forma- 
tion. These are inciuded to show the 
simplicity of the structural details. It is 
possible after the cubes have dried thor- 
oughly to paint them in various colors 
to bring out differences in atoms more 
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The Neglected Step in the Teaching Cycle 


C. C. HALL 


Springfield High School 


HE TEACHER’S pattern of instruc- 

tion tends to be cyclic in nature. This 
cycle is apparent whether the teaching 
is concerned with a daily assignment or 
a unit of study covering a period of sev- 
eral weeks. In customary practice the 
cycle includes the following steps: an 
introduction to the subject at hand; a 
period of directed study and assimliation 
and a final step in summarizing the ma- 
terial covered. It is to this final step 
that the present discussion is directed. 


Merely testing the pupils by a series 
of perfunctory questions to complete 
the teaching cycle is not enough. A\l- 
though little more than that is done in 
most instances. Mass education at the 
public school level tends to make this 
final step a period of testing, usually 
written examinations. These tests are 
ordinarily for the purpose of providing 
a basis for teacher’s marks. They are 
not designed for pupil improvement and 
growth. This procedure is unfair to 
genuine individual development. It does 
not aid the pupil in obtaining a coherent 
pattern of learning. Neither is it good 
educational practice as it does not aid 
in the systemization of knowledge nor 
in developing comprehensive generaliza- 
tions of the facts studied. 


How, then, can we improve this sum- 
mary step of the teaching cycle? H. C. 
Morrison in his classic on Secondary 
Education! proposes in connection with 
the unit-method of instruction a final 
step known as the unit-recitation. This 
step is particularly adapted to what ke 
calls the science type unit. In the proc- 
ess suggested the pupil sums up in writ- 
ten form and has ready for class presen- 
tation the material studied in the unit 
during the assimilation period. The 
psychology behind this suggestion is 
sound. If an individual knows some- 
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thing well enough to intelligently tell 
someone else about it, it can be as- 
sumed that the subject matter has been 
thoroughly mastered. 


NE SERIOUS objection arises to this 

type of unit-summary suggestion. It 
will be at once seen that the time ele- 
ment involved in the unit-recitation is 
considerably greater than is custom- 
arilly allowed for such purposes. Then, 
too, the procedure is best fitted for 
smaller-sized classes than many science 
teachers have in their custody. Due to 
these and other similar objections the 
unit-recitation method of summarization 
has not been generally adopted by class- 
room teachers. 


A number of the newer science text- 
books organized on the unit basis in- 
corporate numerous suggestions for the 
summary step. These are in such forms 
as, special topics for investigation or re- 
port, problem-summary exercises, etc. 
This type of work may be done as an 
oral or written assignment. The effec- 
tiveness of such material is entirely de- 
pendent upon the instructor in charge 
of the learning situation. 


Recently the writer served as an edi- 
tor for a wunit-organized science text- 
book. In an effort to improve the sum- 
mary material a section of each unit 
headed “Closing the Unit” was pro- 
vided. In this special section no review 
questions were asked. No facts were 
tabulated for aid in memoriter learning. 
Only general statements were made. An 
honest effort was made to review for 
the user of the text the significance of 
the material studied in the unit and an 
effort to relate each individual unit to 
the whole schematic arrangement of the 
course of study. Further, an attempt 
was made to make the end of each urit 
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Announcing 


A NEW SERIES OF 


ELEMENTARY 


% One of the major and long-standing diffi- 
culties encountered in the teaching of science 
in elementary schools has been the lack o! sim- 
ple, economical apparatus to supplement the 
excellent text books that are available, and it 
is because they so admirably fulfill this need 
that we take pleasure in presenting the new 
series of science units originated by Professor 
Tunis Baker of the New Jersey State Teachers 
College. 


These new units are unique in that they not only 
furnish elementary teachers with many science 
activities and experiments suitable for grades 
one to nine inclusive, but also provide all equip- 
ment and apparatus necessary for conducting 
such activities. 


As you will note in the opposite list, summariz- 
ing the contents of the series, each unit is ac- 
companied by an illustrated, descriptive book- 
let. The booklets may be purchased separately 
at $0.25 each. Prices of the units together with 
detailed descriptive matter will be gladly sent 
on request. 


EQUIPMENT UNITS 


SCIENCE 


The New Baker Elementary Science 
Equipment Units and Experiments 
They Cover Are as Follows: 


MAGNETS 
WATER 
Uni HEAT / 


Unit No. 8__ELEMENTS, COMPOUNDS 
EACH UNIT INCLUDES: 


1. BOOKLET. Contains ten to fifteen ex- 
periments . . . comprehensive bibliog- 
raphy of informative elementary and 
general science books . . . simple but 
complete directions covering experiments 
. drawings illustrating each experi- 
ment. 
2. ALL EQUIPMENT AND APPARATUS 
NEEDED FOR EACH EXPERIMENT. 
3. STORAGE BOX. Neat . . . durable 
. fiber construction . . . cloth covered 
. fitted with drop handles. 
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Announcing... 


CREATIVE SCIENCE SERIES 


Life Activities - - Seventh Year 


Man’s Environment - Eighth Year 


Creative Science - - Ninth Year 
by 
Daniel R. Hodgdon 


and 
Morris Nelson Sachs 
Unique panel illustrations simplify experiments and clarify text. 


Abundant supplementary activities provide opportunity for all 
levels of student interest. 


Simple and carefully graded vocabulary assures easy comprehen- 


HINDS, HAYDEN & ELDREDGE, Inc. 
5 Union Square New York City 


SCIENCE 
IN 
OUR 
LIVES 


by Gruenberg 
and Unzicker 


Now in 4th large printing 


Teachers who are using this new text in general science explain why they like it: 
It is interesting reading. The language is simple and clear. The text is uninterrupted 
by questions and experiments. 


The 97 problems around which the course is built are within students’ interest and 
comprehension. The 300 activities give first-hand experience with the scientific method. 


It teaches the scientific attitude of open-mindedness and critical questioning, and where 
facts are presented, it is rigorously accurate. 


WORLD BOOK COMPANY 


2126 Prairie Avenue, Chicago Yonkers-on-Hudson, New York 


sion. 


PROJECTS 


A Practical Teaching Tool 


For teaching science principles, creating intense interest, 


solving those problem cases, and providing club activity. 


STUDENTS SUCCEED 


The projects listed are the outgrowth of successful work by science students, and are 


selected because of their value in teaching and their popularity with students. 


B® FULL INFORMATION PROVIDED —— 


The busy teacher does not need to search through books and journals for help in 
working out a project. 


FROM TEACHERS WORK SHEETS 


Projects are published as actually used and are in mimeograph form in groups of five 
each. 


Biology Projects - - - 


In the biology group of projects are included an artificial stomach, a heredity 
study with the drosophila fly, examination of bacteria in the milk supply, ana- 
lyzing the water supply for bacteria, food elements of plants, embryos, pollen, 
transpiration, mounting birds, mounting game, making Cheddar cheese and 
mold-cultured cheese, and analyzing blood. 

20 projects, mimeograph form $0.50 net 


Chemistry Projects - - - 


In this group are found electroplating; hydrogenation of oil; getting sugar 
from corn; tanning leather and fur; dyeing cloth; examination and purification 
of water; testing of lubricating oil, painf, baking powder, wool, silk, cotton, 
rayon, and linen; and making bakelite, cold cream and vanishing cream, bak- 
ing powder, mirrors, ink, polish, and plastic wood. 

35 projects, mimeograph form $1.25 net 
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LIVING WITH SCIENCE 


A striking, three-book series for Grades 7, 8, and 9 


STIMULATING MODERN AUTHORITATIVE 


By MORRIS MEISTER, Principal, High School of Science, New York City, 
formerly Science Supervisor in Junior High Schools of New York City; Editor 
of "The Science Classroom." 


LIVING WITH SCIENCE has been written in accordance with the philosophy and 
objectives of the leading new courses of study in science throughout the country. It 
develops a unity of outlook toward Science, departing from the traditional division 
of content into Chemistry, Physics, Biology, etc. In these books each unit interprets 
an aspect of living and draws from all the sciences the facts that are pertinent and 
significant. 


These books will attract and hold the attention of boys and girls —they contain 
hundreds of pictures and diagrams, and the style is graphic, rich in fascinating de- 
tails. The numerous and varied activities provide reviews, add zest to individual 
investigation, and stimulate real thinking. 


CHARLES SCRIBNER’S SONS 


NEW YORK SAN FRANCISCO CHICAGO BOSTON DALLAS ATLANTA 


The Moore Educational Toy Motor for School Use. 
A CLASSROOM PROJECT 


When properly assembled, the motor has a speed of 6000 R.P.M. 
Full directions and instruction sheet “How a Motor Works.” 


All parts necessary for 10c. Postage prepaid in lots of 10 or more. 
Individual motors 15c. 


The Student Learns More About How a Motor 
Works in 30 Minutes Than 
ae by Hours of Study. 


Three Quarters of a Million 
H Already Sold to Schools. 


Manufactured by 

GEORGE W. MOORE 

= 44 Farnsworth St., 
Boston, Mass. 


Publications of the Illinois Natural History Survey 
JAMES S. AYARS 


Illinois Natural History Survey 


HE ILLINOIS Natural History Sur- 
vey is a research organization. It is not 
an educational institution, as the Uni- 
versity of Illinois and Paxton High 
School are educational institutions. The 
thirty-five scientists who constitute its 
staff are not burdened with the task of 
injecting old truths into the minds of a 
new generation of students; they grudg- 
ingly award no A’s; they judiciously 
dole out no F’s. Differing though it does 
from the conventional school or college, 
the Survey is nevertheless an educational 
institution in a very real sense. 

Dr. T. H. Frison, Chief of the organ- 
ization, recognizes the duty of the Sur- 
vey to the people of Illinois. His policy 
is to make known as widely as possible, 
to the persons vitally concerned, the 
findings and discoveries of the entomol- 
ogists, zoologists, botanists, foresters, 
and wildlife biologists who constitute the 
staff. 

The Survey is divided into nine sec- 
tions. One deals with control of insects 
that infest field, orchard, forest, green- 
house, home and farm buildings. One is 
devoted to identification and classifica- 
tion of insects of all kinds. One con- 
cerns itself with the farm woodlot, one 
with fish, three with waterfowl, upland 
game, other desirable birds, and mam- 
mals. One devotes its enegries to plant 
diseases of fruit and shade trees, orna- 
mentals and greenhouse plants. The last 
concerns itself with interpretation and 
dissemination of information collected by 
the other eight sections. 

Means of disseminating the Survey in- 
formation include personal consultation, 
field trips, talks before groups having 
specialized interests, radio talks and bul- 
letins, articles in scientific and semi- 
scientific publications, newspaper re- 
leases, and the Survey’s own group of 
publications. 
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Urbana, Illinois 


At the present time, the Natural His- 
tory Survey issues only four types of 
publications in addition to its news and 
radio releases. The first is the bulletin, 
usually a definitive and highly technical 
report of research. Its format is impos- 
ing and not particularly attractive. Its 
circulation is comparatively limited. It 
contains information of interest prin- 
cipally to other scientists working in the 
same or related fields. Often it forms the 
basis for information issued later as a 
circular. 

Second is the circular series. This is 
a popularization of technical knowledge 
in a form readily understood and easily 
available to practical workers in the field 
— to grain farmers, fruit growers, house- 
wives, truck gardeners and_ students. 
The material it contains is presented as 
attractively as circumstances and the 
subject permit. Its distribution is sev- 
eral times that of the bulletin. 

Third is the manual series, of which 
only two have been published to the 
present time: Fieldbook of Illinois Wild 
Flowers, and Fieldbook of Illinois Land 
Snails. Of pocket size, these are designed 
for field use by students and nature lov- 
ers. They are intended to aid in the iden- 
tification of Illinois species and, indi- 
rectly, to cultivate an appreciation of the 
out of doors. 


The fourth series is the biological 
notes. For the most part, numbers in this 
series are progress reports of investiga- 
tions not yet completed. They are us- 
ually mimeographed or planographed. 
Timeliness rather than definitiveness is 
the guide in issuing this series. Nur- 
series, fishermen, or wildlife enthusiasts 
may desire information on the progress 
of an investigation far from complete. 
The biological notes series serves as a 


timely answer to their queries. 
(Continued on page 28) 
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Better Health through Expanded Science Teaching 
OSCAR RIDDLE 


Carnegie Institute, Station for Experimental Evolution 


THER PAPERS in this series on 

“Science and the National Health” 
will sketch for readers of this Journal 
the variety and wealth of verifiable 
knowledge now useful in guarding the 
health of individuals and communitics. 
That rich and expanding treasury was 
endowed by physics, chemistry and, 
above all, by biology; it becomes avail- 
able to man through medicine, enginecr- 
ing, education, and the slow process of 
fusion of needs and experience into ordi- 
nance and law. Basically, however, the 
conversion of our scientific store into 
the pure gold of health depends upon a 
wide diffusion—by education—of this 
and a related type of knowledge among 
a people. But this situation is little 
appreciated and still less discussed— 
perhaps because parts of it reflect so 
seriously upon the mental state and 
habits of so many of our fellow citizens. 
To emphasize and develop this neglected 
thought is the purpose of these para- 
graphs. 

The above statement requires a slight 
amendment and some expansion. Many 
of the high blessings of physics, chem- 
istry and engineering have a way of 
coming to us whether we will or not— 
whether the general public senses their 
meaning or not—since a practical cr 
economical element often assures their 
utilization in our home or community 
where they meet and enrich the stream 
of our lives. With exception of a very 
few aspects of sanitation and public 
health it is far otherwise with animal 
biology. The benisons of this science 
are chiefly of personal nature and their 
utilization and value thus depend mainiy 
upon their assimilation by each and all 
of us, and this, too, in fairly early life. 
Familiarity with the functions of our 
own bodies, the ways and rules of 
health, the basic facts of nutrition, a 
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sane (scientific) interpretation of man 
and the living world, are examples of 
this requirement. Unless these things 
are met and mentally assimilated be- 
fore the end of the high school period 
they will never reach the masses of our 
time and opportunity are too limited, 
people at all. Adult life is too late — 
the greatest need is past, and much of 
the plasticity of the average learner is 
lost. 

XPANDED science teaching would 

result in better health for the follow- 
ing large groups of our population. 
First, that majority of our school popu- 
lation which now gets a little or much 
of attitude and knowledge that is con- 
ducive to personal health would get 
more of those desirable things; for, cer- 
tainly in no existing school is the maxi- 
mum of this attitude and information 
acquired. Second, science teaching prop- 
erly expanded would so transform the 
attitude and mental outlook of great 
blocks of our population—no one knows 
how many millions — as to render med- 
ical knowledge and help acceptable to 
them. By this we mean that for large 
bodies of people in our country ignor- 
ance, often associated with religious 
cult, not only prevents self-help in 
health matters but for them it cuts off 
all or most that modern medicine can 
accomplish in the prevention and cure 
of disease. “Man’s greatest area of 
knowledge and popular acceptance and 
application is enormous and arid (Wol- 
man, 1939).” 

N IMPROVED mental outlook con- 

tingent upon additional training in the 
sciences is required not only to increase 
the use of hygiene and medicine but also 
for such additional action or acquies- 
cence of the citizen as will guard the 
strength and health of the race. From 
genetics we learn that all men, except 
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identical twins, are created unequal — a 
fact of extraordinary social significance 
and one that involves the hardest of 
long-range health problems. Medicine, 
philanthropy, charity and government 
are now preserving many genetically 
unfit human beings to an extent which, 
if unchecked, must result in the physical 
deterioration of the human race. These 
humanitarian forces now not only cir- 
cumvent nature’s formula for removing 
the unfit, but they provide an ever-in- 
creasing reservoir of heritable human 
weakness and disease. In a democracy 
this situation clearly makes it necessary 
for citizens generally to become familiar 
with the facts and principles that under- 
lie this prophylaxis for the race; and it 
is also clear that our citizens must at- 
tain that now absent degree of mental 
emancipation which will enable them to 
take the measures necessary for the pre- 
servation of the physical and mental 
strength of our race. 


We are approaching the time when 
human genetics will supply a solid back- 
ground of fact for the applied science of 
eugenics but we are not preparing a 
democratic nation to apply the meas- 
ures necessary for continued racial 
health. Few things would seem more 
imperative for our people than wide- 
spread recognition and acceptance of the 
facts and principles which underlie this 
very real health problem. Here the pos- 
sibilities for success rest upon science 
and the method of science as these can 
be made familiar through the schools. 
Men must make up their minds that 
neither magic,  tea-leaf-reading nor 
prayer will suffice for checking this 
physical deterioration of the race. 


NLY SCHOOL training sufficient to 

ground our students in at least the 
three following generalizations of sci- 
ence can prepare future citizens to adopt 
those immediate and long-term measures 
which are necessary to personal, com- 
munity and racial health: 


1. Natural law rules in the world about us. 
2. Man is a higher animal. 
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3. All men are created genetically unequal. 
The real task involved in assuring 


better health to present and future hu- 
man beings consists in getting these 
basic facts concerning man and _ his 
world into the consciousness of one gen- 
eration of man. For all succeeding gen- 
erations that task would be much sim- 
pler and easier. 

Of course the learning of the three 
principles listed above involves the 
clearing away of much myth and mys- 
tery. It is therefore worth while to re- 
call the fruitful and hygienic conse- 
quence of the master of a mystery to a 
good and eager mind. Those who study 
nature of course well understand that a 
new mystery has a way of supplanting a 
vanquished old one; but to layman and 
scientist alike it is necessary that the 
unbreakable order of the world in which 
we live and the multiformity of the liv- 
ing world—including the diversity and 
inequality of human beings — become 
comprehensible. In each of these par- 
ticular things lies a special spur and 
pique to the intellect. An understand- 
ing of this related sum of things — so 
intimately identified with ourselves — 
not only rides as a major mental con- 
quest, but it arrives and rests as hy- 
gienic environment for a good mind. 
IT IS A COMMON mistake to under- 

rate the extent and vitality of ignor- 
ance in all lands today. The uninformed 
and misinformed, the credulous and in- 
fatuated, are everywhere; and always 
they are a danger to their own health 
and to the health of others. Both a 
nation and a cult speak through these 
words of Mohandas K. Gandhi: “We 
have no right to take the lives of mos- 
quitoes, flies, lice, rats or fleas. They 
have as much right to live as we.” Every 
biologist must feel that India and China 
—now the two largest assemblages of 
men—are much more restrained by ig- 
norance of simple biological law than 
by any deficiency in letters, arithmetic 
or the rules of trade. It is true that 
most people in most modern nations 
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utilize many scientific achievements to 
guard personal and community health; 
but only a few in any country accept- 
ably know the rules of personal health, 
and fewer still know or care about safe- 
guards for the strength and health of 
later generations of man. 


The expanded science teaching that 
would lead to better health among our 
people must involve one or both of two 
things: (1) Expansion of the position 
of science in the curriculum of later pri- 
mary grades and secondary schools. (2) 
The better training of those who teach 
science in these schools. It would be 
rash and blind to overlook the practical 
difficulties of securing soon or in marked 
degree either of those essentials. A 
further brief word on these difficulties 
may nevertheless be incorporated into 
this consideration of the bearing of ex- 
panded science teaching on our national! 
health. If the gain to national health 
can be shown to be great enough may 
not that demonstration in the days 
ahead help us to secure one or both of 
the above-mentioned requirements? 


HE COMPETITION of ‘subjects’ in 

the school curriculum is an_all-too- 
familiar topic, and the adequate prepara- 
tion of science teachers for ill-paid posts 
remains an unsolved mystery. In all this 
complicated matter it is further notable 
that the basic science subjects lack spe- 
cial aspects of support available to most 
other subjects. For example, the call 
for vocational schools—in considerable 
variety—comes from the citizens of 
many communities; but from this source 
we neither have nor may expect high 
schools centered on one or another basic 
science. Again, the Federal Govern- 
ment has interposed (Smith-Hughes 
Act) to strength instruction in agricul- 
ture and in home economics; but only 
a false prophet could envision the estab- 
lishment by that agency of high schools 
for biology or life-science. Finally, to 
the writer it seems probable that the 
broader, but often somewhat superficial, 
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training of most school administrators 
usually leads them to set a higher value 
upon social studies than upon the sci- 
ences. We may as well grant that an 
expansion of science teaching will not 
occur without effort, nor apart from full 
and oft-repeated evidences of its value. 
If, however, either of the above-men- 
tioned groups — citizens, Federal Gov- 
ernment, school administrators — fully 
comprehended the implied gains to our 
national health, and to the continued 
health and vitality of the human race, 
our science teaching would probably be 
expanded tomorrow. 


CRYSTAL LATTICE MODELS 


(Continued from page 19) 

strikingly. These models are not set up 
as being the utmost in perfection, but 
serve to illustrate the use of the mate- 
rials proposed. With greater care, super- 
ior results can be attained. 
sehen SUCH AS these can be used 

in high schools or colleges as student 
exercises and aids to understanding the 
chemistry of crystal structure. With a 
iew adaptations and the use of colored 
paints, the field of organic chemistry 
model making can be invaded effectively. 
The reader himself may have in mind 
possible applications of this method 
which have not been mentioned. 

Advantages in the use of this type of 
model are: (1) the cost of this type of 
model as compared with the commercial 
model of the same subject is very low, 
(2) they can be used as student-built 
projects as an aid in interpreting the 
chemistry of crystal structure, (3) the 
construction is simple, (4) the materials 
are easily obtained, and (5) the construc- 
tion time using these materials is much 
less than with other types of materials. 


REFERENCES 

Cartledge, G. H., “Jntroduction to Inorganic 
Chemistry,’ Ginn and Company, Chicago, 1936, 
pp. 13 and 423. 

Schlesinger, H. I., “General Chemistry,” Long- 
mans, Green and Company, New York, 1935, pp. 
493. 
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And You 


A New Type of Biology Text 


Teachers and administrators who read the advance pages of this book called 
it one of the most unusual texts in recent years. 


This text is beautiful. It is appealing. It is readable. 
It is up-to-the-minute. Itis'easy to'understand and above 
all, it follows a clear-cut PURPOSE. 


TRIED OUT IN HUNDREDS OF SCHOOLS. For a considerable length 
of time the authors have been working on this new biology text — writing 
and rewriting, trying it out in hundreds of schools, checking and rechecking 
“activities” and experiments. They now have a biology textbook which 
impresses us as the finest we have ever seen from the standpoint of organ- 
ization, interest in material —in fact, from every standpoint. 


AUTHORSHIP. Dr. Elliot R. Downing of the University of Chicago, long 
recognized as an outstanding authority in the field of science and science 
teaching. The co-author is Miss Veva M. McAtee, head of the Department 
of Science, George Rogers Clark High School, Hammond, Indiana. 


Do not fail to see “Living Things and You’ before selecting 
your new Biology text. 


OTHER NEW SCIENCE BOOKS 


Chemistry and You New Learning Guides in Gen- 


eral Science 
(7th Grade, 8th Grade, 9th Grade) 


A Learning Guide in Biology 
New Chemistry Guide and Lab- New Physies Guide and Lab- 


oratory Exercises oratory Exercises 


LYONS AND CARNAHAN 


CHICAGO DALLAS SAN FRANCISCO ATLANTA NEW YORK 


Chemistry and You in the 
Laboratory 
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Program 


Physical Science Section of High School Conference 
Urbana, Illinois, November 1, 1940 
9:00 a.m., Physics Building 


Chairman: Ray C. Soliday, Oak Park and River Forest High School 


Business Meeting. 
Announcements. 
Reports of Nominating Committee. 
Election of Officers. 


“The Romance of Science” — Dr. Thomas Briggs, Teachers College, Columbia 


University. 


“Scientific Crime Detection” — Mr. Leorarde Keeler, formerly of Northwestern 


University Crime Detection Institute. 
12:00 Noon. Luncheon at University Pla:e Church. 


A prominent speaker is being obtained. 
Send reservations to Mr. Curtis Howd, University High School, Urbana, 


Illinois. 


Chemistry Section 
Under the auspices of 
THE ILLINOIS ASSOCIATION OF CHEMISTRY TEACHERS 
2:00 p.m., Physics Building 
Chairman: E. L. Brock, Vice President of Association, Mt. Vernon High School. 


“The Making of Motion Pictures as a Student Project’’— Robert Whitney, for- 
mer head of Science Department, Cairo, Illinois. Craig Metheny and Fred E. 


Lehing, makers of the film. 


“Changing Concepts of the Chemistry of Solids” — Professor George L. Clark, 
University of Illinois. To be followed by a general discussion. 


“Liquid Oxygen 


Demonstration” — 


E. Armentrout and assistant, Benton 


High School. This demonstration will bring in the use of liquid oxygen in 


industrial chemistry. 


SCIENCE FOR DEMOCRACY 
(Continued from page 11) 
censervation, and which are bound to 
arouse considerable interest. Some of 
these topics have been so worded .as to 
require research, through the library, 
industrial sources or government bulle- 

tins, for needed data. 


1. Although good authority assures us 
that motor oil need not, ordinarily, be 
changed (except where wide seasonal or 
climatic variation necessitates a change 
in viscosity), many motorists drain 
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their engine oil at frequent intervals. 
Assuming that the average motorist 
drains six quarts of engine oil every 
thousand miles, what is the total annual 
waste in this country from this source? 
What is its money value, assuming an 
average cost of twenty cents per quart? 


2. Assume the average automobile 
makes 14 miles per gallon. Engineers 
tell us that, at no additional cost, they 
can design autmobiles that can make 25 
miles per gallons (with loss in “pick- 
up”). If, at some future time, all of our 

THE SCIENCE TEACHER 


HIGH SCHOOL SCIENCE LEADERS 


KROEBER AND WOLFF: ADVENTURES 
WITH LIVING THINGS 

Transforms the biology course into an exciting adventure for 9th 
or 10th year pupils. Develops scientific attitudes by means of a wide 
variety of pupil activities. Workbook. 

FLETCHER: EARTH SCIENCE 
Develops scientific interest in the story of the earth, sea, and sky. 
An unusually teachable physiography with many helpful study aids. 
Accompanying Laboratory Exercises. 


HORTON: MODERN EVERYDAY CHEMISTRY 


Makes the general course attractive, understandable, and useful to 
the student. Encourages habits of scientific thinking. Accompany- 
ing Laboratory Manual provides a comprehensive activities program. 


D. C. HEATH AND COMPANY 


Atlanta 


Boston New York Chicago 


San Francisco Dallas London 


automobiles were to be so replaced, what 
would be the annual saving of gasoline? 
What would be the money value of this 
gasoline at the price now prevalent in 
your locality? Explain how this would 
help in our conservation problem. 


3. Explain how the following might be 
considered a waste of national resources, 
human and other kinds: unnecessary 
breakage of furniture and_ buildings; 
waste of paper, lumber, coal, hot water, 
etc. 

4. Assume that the average automobile 
costs the consumer $800 but that, at an 
additional cost of $100, automobiles can 
be made to last 50% longer. Explain 
why these more expensive autos would 
be cheaper in the long run. What nat- 
ural resources would such a procedure 
conserve? How much money would the 
nation save annually? 


5. What national resource would be 
conserved by using fuel made from saw- 
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dust or corn, in place of gasoline, for 
running automobiles? How much would 
the saving be if all automobiles were to 
use this fuel? 


6. Make a report on the conservation 
work carried on by one of the follow- 
ing agencies: AAA, Soil Conservation 
Service; Farm Security Administration ; 
U. S. Forest Service; State Extension 
Service; Bureau of Agricultural Eco- 
nomics; Bureau of Entomology; State 
agricultural colleges; County Commit- 
tees; TVA; WPA; CCC; NYA;; clinics 
and hospitals. 


7. Explain how water power projects 
help to conserve human, soil and coal 
resources. 

8. Explain how vocational education 
may help in the conservation of the hu- 
man resource. 

9. Explain how the human resource is 
both wasted and weakened by unem- 
ployment. 
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Program 


Illinois Biology Teachers’ Association 


Meeting with High School Conference 
Urbana, Illinois, November 1, 1940 
Chairman: Madeline Dague 
Book Review — “High Schools and Sex Education” — Glenn V. Ramsey, 
Peoria High School, Peoria, Ill. 


“How to Make and Use Color Slides in Teaching” — J. B. MacHarg, East- 
man Kodak Co., Rochester, N. Y. 


9:00 
9 :30 


10:00 Address — Professor G. W. Rosenlof, Teacher’s College, University of Neb- 
raska, Lincoln, Nebraska. 

10:30 “Adventures with Birds” — Lecture and Motion Pictures by Dr. Olin Sew- 
all Pettingill, Jr., Carleton College, Northfield, Minn. 

12:15 Luncheon, McKinley Presbyterian Church. Speaker, Mr. M. C. Lichtenwal- 
ter — ‘The Formal Garden as a Biological and School Project.” Illustrated. 

1:30 Business meeting. 

2:00 “Catching Vitamins on Fishhooks’ — Dr. Frank B. Kirby, Director of Edu- 
cation, Abbott Laboratories, Chicago, Ill. 

2:30 “Reading and Reference Books for the Biology Library’ — Lyle Barber, 
Librarian, Biology Library, University of Illinois. 

3:00 “Correct Approaches to the Study of Nature’ — Rev. George Link, Field 


Naturalist, Pere Marquette State Park, Grafton, III. 


NATURAL HISTORY SURVEY 


(Continued from page 21) 


With perhaps four exceptions, recent 
Survey publications have not been pre- 
pared with high school students, or even 
high school teachers, prominently in 
mind. 

And yet the number of publications 
which can be profitably used at least oc- 
casionally by either high school students 
or teachers constitutes between one-third 
and one-half of the present list of 347 
titles. 


The four comparatively recent publi- 
cations designed with high school stu- 
dents and teachers very much in mind 
are two circulars, How to Collect and 
Preserve Insects, Circular 25, by Dr. H. 
H. Ross, head of the Section of Insect 
Survey, and Pleasure With Plants, Cir- 
cular 32, by Dr. L. R. Tehon, head of 
the Section of Applied Botany and Plant 
Pathology, and the two manuals, Field- 
book of Illinois Wild Flowers and Field- 
book of Illinois Land Snails. The first 
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manual has already attained a wide dis- 
tribution throughout the state. Author 
of the second is Frank Collins Baker, re- 
cently retired as Curator of the Natural 
History Museum, University of Illinois, 
and for half a century a devoted student 
of the Mollusca. 

The insect circular, well illustrated 
and containing 24 pages, gives simple 
directions for collecting, mounting, label- 
ing, and housing insects. Many high 
school teachers are already familiar with 
this publication. 


The plant circular outlines the how, 
where, and when of botanizing; explains 
how to name plants through the use 
of keys, describes equipment for botan- 
izing, contains directions for preparing, 
mounting, and storing herbarium speci- 
mens, and lists books useful to the ama- 
teur student of plants. Like the insect 
circular, this contains helpful illustra- 
tions. It was published in April of this 
year. 


The snail manual, recently off the 
(Continued on page 40) 
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ROY E. DAVIS 
East High School 
Aurora, Illinois 


in the field of High School Biology. 


SUPERIOR 


2210 SOUTH PARK WAY 


BIOLOGY 


A Combination Laboratory Manual and Workbook in Biology 
— 


and 


The book is the product of the teaching experience of two eminently successful instructors 


in the Character of Its Experiments 
in the Basic Organization of Material 
in the matter of Page Planning and 
in the matter of Diagrams 


Exceptionally Fine Study Guide Service in Biology 


MENTZER, BUSH AND COMPANY 


IRA C. DAVIS 
Wisconsin High School 
University of Wisconsin 


Typography 
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DOWNFALL OF MOLECULE'S SANCTITY 


(Continued from page 3) 
and form solid solutions with each other 
and with MgO because of the close sim- 
ilarity of radii of Lit, Mg”, Fe*, Ti**; 
CdBr., which is partly CdCl, and partly 
Cdl, layer lattice structure. 

1. Incomplete lattice; one or more sets 
of crystallographically equivalent posi- 
tions only partially occupied, leaving va- 
cant spaces in the lattice; examples, so- 
dium bronze NaWO, (missing Na’), 
y- Al,O, (2 2-3 missing Al**), pyrrho- 
tite FeS,* (missing Fe**), a- AgI stable 
above 146°, body-centered cubic iodine 
lattice, with silver atoms at random (2 
atoms to fill 42 positions) wandering as 
fluid through structure, while in 8 - and 
y - AgI silver atoms are fixed. Lead per- 
oxide in the positive plate of the storage 
battery always has a deficiency in oxy- 
gen, but retains its structure down to 
PHO, 

3. Combination of 1 and 2; solid solu- 
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tion of y-Al,O, spinel, Ag,Hgl, 
(Ketelaar) with ZnS, structure, in which 
2Ag* and Hg** ions are distributed at 
random over 4 positions. 
ELECTRICAL CONDUCTIVITY OF SOLIDS 
AND DEFECT STRUCTURE 
N MANY solid ionic compounds elec- 
trical conductivity is caused by the 
movement of ions. Disorder in AgCl is 
represented by Frenkel as follows: 
Ag* Cl- Ag* Cl Cl Ag* Cr 
Ag* 
Ci Ag* Cr Ag’ Cr Ag* Cr Ag 
Ag* Cl Ag* A- Ag* CF Ag* CF 
Ag* 
Cr [] Cr Ag* Cr Ag* Cr Ag 
In such a case only the cations are in 
disorder; some Ag* ions are at inter- 
stitial positions, having left their original 
places in the lattice, and conductivity is 
the result of movement of the cations. 
This has been confirmed by Wagner 
(Darmstadt) who showed that CdCl, 
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will go into solid solution in AgCl up 
to 10%, greatly increasing the electrical 
conductivity. For in CdCl, the ratio of 
cations to anions is 1:2 instead of 2:2 
for AgCl, so that there is one cation too 
few for evey Cd** ion and a vacant posi- 
tion when CdCl, substitutes for AgCl: 

Koch and Wagner have determined 
for AgCl at 350° an electrical conductiv- 
ity of 7.57 x 10° ohm.", cm.? a mobility 
of the vacant positions in the Ag* lat- 
tice = velocity (cm.-sec.) for 1 volt-cm. 
= 6.6 x 10%, and the fraction of Ag* 
ions as interstitial positions = vacant 
positions in the Ag* lattice 1.5 x 10°. 
Agl represents extreme disorder of Ag* 
ions in an idoine lattice so that the ionic 
conductivity of solid and molten Agl 
are nearly the same (1 ohm.!, 
Schottky disorder is exemplified by KCl 
in which both anions and cations con- 


tribute to electrical conductivity. In 
NaCl there are perhaps 10“ vacant lat- 
tice points of either sign per cubic centi- 
meter, 


AQUARIA AND TERRARIA 

(Continued from page 7) 
cage can be bought at any photographic 
supply house. Arrange the glass plates 
on a table as illustrated in the figure 
and bind them with lantern slide tape, 
paper tape, adhesive tape, or passe par- 
tout tape. If the tape is lacquered or 
shellacked and the lacquer is run slightly 
over the edges, it will be more water- 
proof. 

Once the container has been chosen 
and the materials are at hand, the ter- 
rarium can be started. Place an inch and 
a half or two inches or sand or gravel 
in the bottom of the container for drain- 
age. A handful of small pieces of char- 
coal can be added at this point. It is not 
absolutely necessary, but is often bene- 
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other illustrations are unrivaled. 


practical applications. 


Text 1.80 


2500 PRAIRIE AVENUE 


PHYSICS TODAY 


GORTON 


* The chief characteristic of this text is its objective approach to new 
concepts, terms and theories. The approach consists of objective 
experiences, vicarious or controlled. 


* The quality and force of its diagrams, diagrammatic-photographs and 


* It integrates the understanding of fundamental physical laws with their 


HOUGHTON MIFFLIN COMPANY 


SEARS 


Manual .80 


CHICAGO, ILLINOIS 


THE SCIENCE TEACHER 


MOLECULE-- 


Educational Card Game — An Aid in Teaching and Entertaining. 


It is challenging — 


Price, $1.00 Net. 


Teaches ions, atoms, formulas, atomic weights, molecular weights . . . 
By motivating the learning — 
By stimulating accurate thinking — 
By requiring a working knowledge of science terms. 


Provides entertainment for science club... 


It allows students to demonstrate a worth-while skill — 


It is a very acceptable and entertaining game. 


Order Your Game of Molecule Today. 


SHERMAN SPARKS 


Mt. Olive, Illinois 


ficial in gas absorption. An inch or two 
of good garden soil completes the pre- 
paration, if the terrarium is to contain 
woodland plants or cultivated plants. A 
greater proportion of sand is necessary 
in the soil for a desert terrarium. 


ATERIALS FOR a woodland terrar- 

ium can sometimes be bought in flor- 
ist shops or through the advertisements 
in garden magazines. If material is col- 
lected in the country, permission of the 
landowner must first be obtained and 
the material then gathered in accordance 
with all of the principles of conserva- 
tion. Often places are being cleared for 
highway construction or for other rea- 
sons and the plants from such locations 
can be gathered freely. Collecting on 
public lands or in public parks is usually 
not permitted. Mosses, small evergreen 
woods plants, and small ferns will live 
for a period of several years in a proper- 
ly maintained terrarium. Many other 
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small plants, including representatives of 
the common weeds, will make useful 
additions to the terrarium. If the wood- 
land plants are not available, small cul- 
tivated plants can be used, but, ecolog- 
ically speaking, a mixture of both native 
and cultivated plants is hardly desirable. 
Seeds or grapefruit or other citrus fruits 
will grow well in the terrarium. The des- 
ert terrarium can be planted with small 
cacti and succulent plants obtained from 
the florist. 


HE TERRARIUM will be much more 

interesting if it is landscaped with a 
hill in one corner and with a few rocks 
on the side of the hill to represent ledges. 
The hillside plants an be placed on the 
hillside and then perhaps the bog or 
meadow -plants can be placed around a 
glass dish sunk in the lowest part of 
the terrarium. This “pond” serves as a 
place for frogs and salamanders to soak 
and also maintains the air moisture in 
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Insect cage made from 
photographic glass plates 


the container. When the terrarium is fin- 
ally planted, water it well, but be certain 
that there is no standing water in the 
bottom. A light sprinkling once a month 
is usually sufficient thereafter. Too much 
watering is a common mistake of the 
beginner. Although the glass cover is 
usually kept on, it may be removed for 
a short time each day if the garden 
shows signs of molding. A north window 
usually provides the best light and tem- 
perature for the terrarium. Too much 
sun will overheat the terrarium and the 
heat will promote the growth of molds 
as well as kill the plants and animals. 

In addition to showing useful living 
replicas of such plant associations as 
woodland, bog, meadow, or desert, the 
animals of these associations can be kept 
healthy and comparatively “happy” in 
the terrarium. Land snails, insects, frogs, 
toads, salamanders, small snakes, and 
lizards all can be kept in terraria. How- 
ever, it is wise to remember that not 
all of these can be kept together as some 
of them are likely to follow their natural 
carnivorous habits. 


HE LAND SNAILS can be fed lettuce 

or small pieces of moist bread. Young 
mantids which hatch from egg masses 
may be fed on fruit-fly larvae and adults 
until they are capable of managing blue- 
bottle flies, grasshoppers, or roaches. 
Crickets and grasshoppers do well on 
lettuce, apple, or moist bread. Caterpil- 
lars require the plant on which they are 
found or a satisfactory substitute can 
be found by reference to a manual on 
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insects. The adults of the large silkworm 
moths which emerge from the cocoons 
which are kept in the terrarium require 
no feeding as their mouthparts are not 
functional. 

The frogs, toads, and salamanders can 
be fed whiteworms, mealworms, flies, or 
other live insects. Sometimes frogs and 
toads can be induced to eat small pieces 
of meat wriggled in front of them on the 
end of a broomstraw. Red efts, the land 
stage of the water newt, prefer the 
whiteworms, Chameleons eat the same 
type of food as horned toads, but re- 
quire a more moist habitat. For these 
the soft-bodied insects such as wax- 
worms, flies, and moths are best; al- 
though the less digestible mealworms 
will also be accepted. Instructions for 
raising the whiteworms and insects for 
food are contained in “Our small native 
animals,” by Robert Snediger. 
REFERENCES : 

Aquariums and terrariums your classroom. 
10c, Denoyer-Geppert Co., 5235 Ravenswood Ave., 
Chicago, Ill. 1937. 

Bulletins issued by School Nature League, Amer. 
Mus. Nat. Hist., 5c each. The aquarium, The 
terrarium, and 75 other useful topics. Send for 
list. 

Mellen, I. M., and Lanier, R. S. 1001 questions 
answered about your aquarium. Dodd Mead, 1935. 

Moore, C. B. The book of wild pets. Putnam, 
1937, 

Snediger, Robert. Our small native animals — 
their habits and care. Random House, 1939. 

Turtox Service leaflets. 1%4c each. General Bio- 
logical Supply House, Chicago, Ill. Numbers 5, 
10, 20, 23, 48 are on aquaria and terraria. 


PEP IN PHYSICS COURSE 


(Continued from page 17) 
azines available are Popular Science 
Monthly, Science Leaflet, Science News 
Letter, Current Science, Modern Me- 
chanics, Science Labels, Life, Saturday 
Evening Post, American Girl, Country 
Gentlemen and others. 

In conclusion I would again state that 
the enrollment in the science department 
varies directly with the pep we put into 
it. These suggestions are offered as one 
means of putting pep into the physics 
course. They have worked, at least 
once, for me; perhaps they will work 
for you. 
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CHEMURGY IN TEXAS 


(Continued from page 8) 
come from all parts of the United States. 
But we do not have the facilities to keep 
a stock even in the Denton grocery 
stores. We are planning a commercial 
or semi-commercial plant for this fall. 

This work should enable U. S. farm- 
ers to take over the tapioca market, 
which would put 200,000 acres of land 
to work. Dehydrated sweet potatoes are 
our richest source of carbohydrates. For 
cattle food possibilities alone (to go 
with cottonseed meal) the market will 
be huge. Similar conditions are true of 
the castor plant, flax, soybeans, the piney 
woods of East Texas, wool, mohair, and 
other Texas products. 

FLAT HAS chemurgy done so far for 

Texas? At Lufkin a $6,000,000 news- 
print mill has just been opened. It is the 
first in the world to use yellow pire. 
During recent months a flax-paper plant 
has been opened to make cigarette pa- 
pers. Paper pulp mills making kraft out 
of Southern pine are now scattered 
throughout the South. One of the larg- 
est is at Pasadena, Texas. 

Teachers are important in this era of 
transition. Often teachers live lives that 
are somewhat sheltered, but their pupils 
must face the real, rough-and-tumble 
world as soon as they graduate. I urge 
you to become better acquainted with 
the real world; get to knoa the indus- 
trialist, business man, and the farmer 
better. They are the men who will take 
your students tomorrow. They are the 
final step in the teaching profession. 

Students of today will tomorrow be 
doing the jobs that are only dreams in 
the minds of the men of today. Our li- 
braries are invaluable, but no longer 
can we teach for tomorrow entirely from 
the books of yesterday. Schools must 
take their rightful places as leaders, not 
followers. Pupils must come out of 
schools prepared for the tempo of to- 
morrow. While millions of men now 
walk the streets unemployed, certain in- 
dustries are hunting for capable work- 
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ers! Will your students come out of the 
school-mill fit and qualified for the world 
of tomorrow? That, to a large extent, 
will depend upon the science training 
that you give them. 

(Mr. Leffingwell is a member of the 
Chemistry Department of the North 
Texas State Teachers College, Denton, 
Texas.) 


SCIENCE TEACHING AIDS 


(Continued from page 9) 
steel. The latter is well adapted to ele- 
mentary science study and emphasizes 
the relationship of science and_ social 
studies. Teachers can obtain 50 or more 
copies of each. 

Rust, the Destroyer (23 p.) is issued 
by the Pittsburgh Plate Glass Company, 
2200 Grant Building, Pittsburgh, Pa. For 
chemistry students in junior and senior 
high levels. Explains and illustrates the 
theories of rust and the proper use of 
paints in rust prevention. 

Urea As a Healing Agent in Medicine 
(10 p.), issued by the Ammonia Depart- 
ment, E. I. du Pont de Nemours & Co., 
Inc., Wilmington, Delaware. For the 
chemistry teacher. 

The Story of the Tire (63 p.) issued 
by the Goodyear Advertising Depart- 
ment, Goodyear Tire and Rubber Com- 
pany. Inc., Akron, Ohio. An_ historical 
and scientific presentation of the rubber 
industry. Well illustrated and interest- 
ingly written. New rubber articles such 
as Pliofilm and Airfoam are described. 
Single copies free to teachers. For a 22” 
by 28" display board of “Materials in a 
Tire,” send $1.75. 

For more information on the commer- 
cial uses of corn, write for a booklet en- 
titled Commercial Solvent Corporation. 
Find out how coal, corn, and water (with 
the aid of bacteria) help paint your car. 
Issued by the Commercial Solvents Cor- 
poration, Sales Offices, Terre Haute, In- 
diana. Also ask for other literature on 
the uses of corn in industry. 

The History of Portable Light in 
America (24-page, 2-color booklet) is 

(Continued on page 34, 


column 2) 
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BUILDING AN OUDIN COIL 


(Continued from page 12) 


cardboard tube 6 inches in diameter and 
36 inches long, which was first coated 
with orange shellac. The turns were 
spaced with shellacked string. The con- 
denser was connected in parallel with 
the transformer. All other connections 
were in series. The motor was run on a 
separate circuit and plugged in with 
the transformer by means of a two-way 
socket connected to a 110 volt A.C. line. 
The complete unit was mounted on a 
wood table painted with stove enamel. 


RESULTS 


DISCHARGE was obtained from the 

secondary coil. The approximate out- 
put voltage was 80,000 volts at a fre- 
quency of somewhere around 700 cycles. 
The Oudin Coil is useful in producing 
high voltage currents. 


DISCUSSIONS 


The bowl type of cable primary and 
the helical copper tubing spiral primary 
were not as effective as the flat spiral 
type. 


Too many teeth in the rotary spark 
gap hamper the efficiency of operation. 
The aluminum disc was better than a 
steel disc. Flexible couplings of wood 
mica, leather or layers of rubber should 
be avoided as well as a direct drive from 
the motor to the disc. A side drive belt 
arrangement was found to be better. 


Paraffin aluminum foil, glass condens- 
ers were better than air, tin plate, oil 
immersed condensers. 


SUMMARY 


1. An Oudin Coil was constructed to 
produce around 80,000 volts of high volt- 
age current. 


2. A flat spiral type of primary coil 
was found to be the best arrangement. 


3. Paraffin - aluminum foil - glass con- 
densers, were better than tin plate oil 
immersed condensers. 
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4. Flexible couplings in driving a ro- 
tary spark gap should be avoided and a 
side belt drive used instead. 


SCIENCE TEACHING AIDS 


(Continued from page 33) 


available in quantities for classroom 
work — free. A Teacher’s Kit of Dry 
Battery Materials along with a special 
guide for teachers can be secured for 
$2.00 (you check is acceptable). A large 
95-page booklet on Fun With Dry Bat- 
teries contains hundreds of experiments 
and costs 10c. Order yours from the Na- 
tional Carbon Company, Inc., Dept. O, 
Box 600, Grand Central Station, New 
York City. 


Write to the Texas State Department 
of Health, Austin, Texas, for a booklet 
entitled Mosquito Control Measures. It 
is free. | 


Elementary and junior high school 
teachers should get the booklet Lessons 
in Tuberculosis from the Division of 
Correspondence, State Tuberculosis San- 
itorium, Sanitorium, Tom Green County, 
Texas, 


PHOTOMICROGRAPHY 


(Continued from page 13) 


be focused through the microscope lens 
first and then when the camera is at- 
tached, a slight adjustment will bring 
the object image to focus on the ground 
glass back of the camera. The time of 
exposure is determined by the light. The 
usual time is three to four seconds on 
panchromatic film. This process should 
take place in a photographic dark room. 
Thus when the photo-flood is turned on 
an exposure is made which lasts until 
the light is turned off again. The film is 
then developed and printed as any other 
film might be. The prints here shown 
are a few examples of my work. 
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THE HUMAN LIFE SPAN 


(Continued from page 15) 

HEY ARE NOT so curious about 

adults, except the cnes who appeal to 
them as leading spectacular lives. Movie 
stars, baseball players, aviators, set them 
dreaming about how they, too, can be 
great and famous, not often realistically, 
but sometimes with force enough to color 
their manners and their ways of dress- 
ing and walking and even their choice 
of courses leading to a desired career. 
Other adults are simply curious crea- 
tures who don’t like noise and dogs and 
dirt, who sometimes give you money and 
sometimes don’t, who like meals on time 
and lessons prepared well in advance. 
They are sure when they are grown up 
they will be different. 

That for the more fortunate. Today a 
good many are asking about adults — 
Why can’t my father get a job? When 
can I get a job? — wistfully, bitterly, or 
uncomprehendingly. 

The elderly they may be impatient 
with, not realizing their infirmities — 
Why can’t Grandpa hurry? Why do I 
have to yell at Grandma to make her 
hear? About death they are both curious 
and afraid, a reaction that we find not 
enly among young adolescents but at 
every age thereafter. 


UR INTERESTS and problems range 

over the whole life span whether we 
are teachers or parents or seventh grad- 
ers. And the most important thing about 
human beings is that they live through 
a life span. A baby is born, grows up in 
his family circle, takes his place in the 
world as a mature citizen, establishes 
his own family, gradually loses his vigor, 
and finally dies, but through all the 
changes he remains himself. He is a 
changing yet remembering organism. 
We cannot understand the old unless 
we understand what they were like be- 
fore they became old; we cannot under- 
stand the young without thinking of the 
grown people they will be; we cannot 
understand ourselves without taking ac- 


count of the children we were and the 
(Continued on next page) 
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NNOUNCING 


TWO NEW 
McGraw - Hill Books 


Biology in the Making 


3y Emily 

Department, 

High School. 

550 pages, illustrated, $2.80 
Rich biographical 
for classes in 


Eveleth Snyder, Science 
Little Falls, 


background material 
biology, general science, 
and other biological sciences. A fascinat- 
ing account of the contributions made 
by scientists through the ages, from 
Aristotle to our present-day biological 
progress. Emphasis is on the latest de- 
velopments of biological research. The 
many illustrations are of the human-in- 
terest, action type. 


Understanding Radio 


By Herbert M. Watson, Associate 
Member, Institute of Radio Engi- 
neers; Herbert E. Welch, Associate 
Professor of Engincering and Ap- 
plied Sciences, Stockton (California) 
Junior College; and George Eby, 
Professor of Applied Science, Stock- 
ton Junior College. 


603 pages, 379 diagrams, $2.80 


This new book covers the radio field for 
the newcomer who knows nothing about 
the radio art and little about electricity, 
giving the student sufficient working ac- 
quaintance with radio principles and 
operation to read and understand cur- 
rent radio literature, and describing basic 
radio circuits and principles from wave 
motion through both direct current and 
alternating current tubes and their use in 
basic receiving circuits, to power supplies 
and speakers in plain, easily understood 
terms. 


Write for further information 


McGRAW-HILL BOOK €0., Inc. 


330 West 42nd Street, New York 
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old people we are going to become. 

I offer the human life span, then, as 
an excellent organizing center for mate- 
rial, interesting in itself, useful to us in 
our thinking and feeling and acting, of 
tremendous social significance. It is not 
a “unit” to be placed once and for all, 
in the eighth grade perhaps, taught for 
three weeks and then forgotten. Seventh 
graders can get perspective by thinking 
in terms of it, eighth and ninth graders 
the same, and so through high school. 


HAT SHOULD be taught in the sev- 

enth grade? I don’t know. The answer 
is, of course, what seventh graders will 
find useful in their thinking and feeling 
and acting. If they are very immature 
and have little background, then some 
of the simplest things about the human 
life span, something about themselves, 
growth perhaps, physiological changes 
that take place from before birth through 
to old age. If they have a great deal of 
information already, either from their 
homes or the elementary school, we 
start there. They will probably help out 
with questions in that case. If they have 
a choice collection of misinformation, of 
superstititions, of wrong ideas, then 
teaching should be aimed at clearing up 
those. If they are unusually mature, they 
should be given a chance to explore some 
of the social implications of our knowl- 
edge. 

The most important first step is for 
you as teacher to be just as well oriented 
in the field as possible, to have informa- 
tion or know where you can get it, to be 
able to recognize when children are 
ready for certain material. Like all im- 
portant fields of human knowledge, this 
cuts across many _ specialized fields: 
physiology and anatomy, certainly; psy- 
chology; the applied fields of nutrition, 
hygiene, and child development; bacter- 
iology. These we are accustomed to think 
of as belonging to science and we know 
more or less well how to use them. But 
we need to draw material from sociology 
and economics, from anthropology, from 
vital statistics. And here we need help. 
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The first step and the hardest in all 
scientific work is to identify the prob- 
lem. Once that is done it is often sur- 
prising how easy the rest is. That is true 
here. Once we have decided what it is 
we need to know, we will find quantities 
of material at hand, in books, in reliable 
magazines, from experts. Human beings 
are the most fascinating things under 
the sun. I commend their study to you, 
for your own enrichment and interest 
as well as for your students. 


THE NEGLECTED STEP 


(Continued from page 20) 
point towards the study material yet to 
come. The text in this instance was 
doing what every ‘master’ teacher would 
surely endeavor to do. 

NEW AID for the summarization 

step has been developed in the re- 
cently improved film strips for science 
teaching.” The film strip usually in- 
cludes a liberal sampling of the mate- 
rials covered during the assimilation 
period and can be highlighted for the 
review. The film strips are more com- 
prehensive in scope than the average 
movie film. Interpolated by the teach- 
er’s comments as they are shown they 
afford an excellent medium for tying up 
the various ramifications of the material 
studied. 

If the instructor does not have the 
time or is not inclined to allow student 
participation in the summary period, 
then he or she should devote some time 
in personal discussion or lecture. This 
is an obligation of the teacher and can- 
not be fulfilled by the giving of a writ- 
ten test. 

HATEVER is being done during the 

summary step of the teaching cycle, 
a few objectives must always be kept in 
mind. First among the objectives must 
be an emphasis on the big ideas met 
with in the recently studied subject 
matter. These learnings must be gen- 
eralized in such fashion that they will 
stick with the learner long after the 
details have been forgotten. 
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The Gist of It Seems to Be 


Abstracts and Reference 


Conventional laboratory activities are 
mostly a waste of time from any point 
of view. We need only be bold enough 
to use the time properly and give prac- 
tice in scientific method by having the 
student solve their own problems there. 
H. Emmett Brown, “The Languishing 
Laboratory,” in S. S. & M., May, 1940. 
P. B. S. 


* * * 


One looks in vain among outlines of 
elementary science for the science of 
spit-balls, whispers, wet clothes, and 
other things close to the child’s heart 
and skin. Like arm chair scientists, we 
expect children to be more interested in 
hippopotomi in the Nile than in the rab- 
bit in the back yard. We stress the dino- 
saurs, passenger pigeons, and salmon 
runs up the Columbia, and ignore as 
best we can the cluster flies and cob- 
webs in the school room. Why not make 
science in the elementary grades a truly 
functional experience? —E. Laurence 
Palmer, “Some Observations on Nature 
Study and Elementary School Science,” 
in Sci. Ed., March, 1940. P. B. S. 


If scientific method is the heart and 
soul of science, science curriculum build- 
ers usually commit five mistakes in log- 
ical reasoning. — Philip B. Sharpe, “The 
Subject Matter of Science,” in S. S. & 
M., June, 1940. P. B. S. 


* * 


The natural curiosity of the child is 
scientific research in the bud. It should 
be developed more quickly and fully by 
Elementary Science, not dwarfed and 
thwarted as is so often the case.” — 
Maud B. Lowen, “Science in the Bud,” 
in Sci. Ed., March, 1940. P. B. S. 


Here is some good hocus pocus with 


which to trim up your science club. — 
Temple C. Patton, “Initiation Ceremony 
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for a Science Club,” in S. S. & M., June, 
1940. P. B. S. 
Some good films, and some sources for 
films. —A. H. Gould, “New Materials 
for the Teaching of Physics,” in S. S. & 
M., June, 1940. P. B. S. 


A homemade audio frequency elec- 
trical resonance apparatus. — Vernon 
Shippee, “An Electrical Resonance Out- 
fit,” in S. S. & M., June, 1940. P. B. S. 

Science is 2 method of making dis- 
coveries, like scouting. And like scout- 
ing, it can be learned only by actual 
practice. Scientific attitudes and other 
scientific traits grow in one-who-finds- 
out-things-for-himself. Exploring, dis- 
covering, creating, result in growth, 
progress, fun. Philip B. Sharpe, “Let Us 
Teach Science,” in Sci. Ed., March, 1940. 
P. 

Elementary science is in a state of 
flux, and this presents a wonderful op- 
portunity for a proposed series of ex- 
periments touching heavily on the slow 
pupil. — Otis C. Caldwell, “Ability Lev- 
els in Science,” in Sci. Ed., March, 1940. 
P. B. S. 

I hope that elementary science will es- 
cape the ruts into which Junior and 
Senior high school science have fallen: 
the teaching of facts as ends in them- 
selves, the use of deductive teaching in- 
stead of scientific method, the formaliz- 
ing of laboratory work. It is now in a 
formative stage of flux; may it remain 
so!— Francis D. Curtis, “Some Points 
to Be Considered in Teaching Elemen- 
‘ary Science,” in Sci. Ed., March, 1940. 

Here are forty-four clever tricks of 
chemical magic, clearly and briefly ex- 
plained. — Alden H. Struble, “Experi- 
ments for Chemistry Clubs,” in S. S. & 
M , May, 1940. P. B. S. 
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SCIENCE TEACHERS’ NOTES 


A Service for Teachers--by Teachers 


Immediately helps the busy teacher by mak- 
ing materials more accessible and_ usable. 


xk 


Provides--- 
* Analytical reference list arranged %* Sources of free or low cost sup- 
by teaching topics. plementary science material. 


* Sources of free commercial ex- %* Film lists in science grouped by 
hibit materials. teaching topics. 


Needed--- 


Because no teacher working alone can keep up to date on useful materials, 
but through the combined efforts of many teachers it is possible. 


Kept Up-to-Date--- 


Science Teachers’ Notes are printed from typewritten copy on 8!/,x II 
paper punched for insertion in a looseleaf notebook. Out-of-date material 
may be removed and new material inserted as supplied. The service is 
kept revised from year to year. 


*& 
The Work of Trained and Experienced Teachers 


Provided for subscribers of The Science Teacher 


Material in Preparation 


First Installment 


201 N. School St., Normal, Ill. 


Available Now | am enclosing--------------+-++-- to cover the cost of 
three years’ subscription to The Science 
Published by Teacher and Science Teachers’ Notes, in- 
The Science Teacher cluding up-to-date service, for $3.00; 
([] two years’ subscription to The Science 
201 N. SCHOOL STREET NORMAL, ILL. Teacher and Science Teachers' Notes for 
* $2.25. 
may receive service at cost. Adidress----------------1reseeereersetecensereeteettenennneeteneneseenanens 
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BOOK SHELF 

Everyday Problems in Science, Third Editicn. 
Dr. W. L. Beauchamp, University of Chicago; 
John C. Mayfield, University High School, 
University of Chicago; and Dr. Joe Young 
West, Maryland State Teachers College. Scott, 
Foresman and Company, Chicago, 1940. 752 
pages. 532 illustrations. List, $1.72 

In this revised edition of Everyday 
Problems in Science is presented an im- 
proved, attractive, and well-planned gen- 
eral science text for the first year high 
school. The authors have improved the 
quality and treatment of subject matter 
in an effort to meet present-day needs 
of high school students rather than re- 
sorting to the practice of adding addi- 
tional material to a book already large 
enough. 


A new type of organization is used in 
order to provide a simplified, more or- 
derly presentation of principles and en- 
vironmental problems. Basic science 
principles are introduced and thoroughly 
developed in special units early in the 
book before they are used in the solu- 
tion of complex environmental prob- 
lems later on. 

The twenty units of the book are di- 
vided into major problems which, in 
turn, are divided into short subproblems 
and experiments. The experiments are 
simply worded and do not require a 
large variety of equipment. At the con- 
clusion of each unit is a list of modern 
books to read. A glossary is included in 
the book. 

The book is well done from the stand- 
point of physical make-up. The large 
page plus the use of margins for pic- 
tures give ample space for making the 
book attractive from the standpoint of 
illustrations. The pictures are well chos- 
en and contribute to the presentation of 
subject matter of the book. 


The Chemist at Work. Roy I. Grady and John 
W. Chittum, Professors of Chemistry, College 
of Wooster, Wooster, Ohio, and others. Jour- 
nal of Chemical Education, Easton, Pennsyl- 
soo. 1940. 422 pages. 41 illustrations. List, 


The Chemist at Work gives to stu- 
dent and teacher information concern- 
ing the work of the chemist in 53 fields 
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of endeavor. Being written by practic- 
ing chemists makes it authoritative and 
presents the work as it really is and not 
as it appears from the outside to the 
uninitiated. 


For the student it enables him to se- 
lect a branch of chemistry that is com- 
patible with his ability, his special 
tastes and ambitions. It informs him as 
to what is expected when he enters the 
field and also the possibilities in finan- 
cial returns, interest, satisfaction, and 
the opportunity for achievements. 

It is the object of the authors to dis- 
courage and dissuade those who are un- 
suited to the field of chemistry as well 
as to encourage those whose ability, 


character, and nature fit them for the 
field. 


In some of the fields discussed, the 
authors have set forth the educational 
and mental requirements and traits of 
character necessary for success and sat- 
isfaction in the work. This enables the 
interested student by means of a little 
self analysis to see if he fits into this 
profession and may save discouragement 
and loss of college courses later. 


The book is to be recommended for 
the high school library and teacher. 


Adventures in Biology. Julius Schwartz, Louis 
EKisman, James Mandel, Jerome Metzner, Mil- 
dred Narins, Abraham Penzer, Charles Tanzer, 
Susan Tanzer, and Richard Weiss, Teachers of 
Biology in the High Schools of New York 
City. Published by the New York Association 
of Biology Teachers, Grover Cleveland High 
School, Brooklyn, New York, 1940. 101 pages. 
17 illustrations (diagrams and drawings). Paper 
cover. List, 50 cents. 


Adventures in Biology is primarily a 
book of projects and special experiments 
for biology students. Although many of 
them are concerned with materials of 
New York City area, there is much that 
can be used by teachers elsewhere. Also 
it may lead teachers to see further possi- 
bilities in their own locality. 

Each project or experiment is de- 
scribed very briefly. In many cases sug- 
gestions are made as to places to secure 
specific materials or to sources of fur- 
ther information. 
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NATURAL HISTORY SURVEY 


(Continued from page 28) 

press, contains descriptions of 122 spe- 
cies of snails found in Illinois and 150 
drawings by Dr. Carl O. Mohr of the 
Natural History Survey. Each Illinois 
high school with a regular librarian is 
entitled to receive a copy of this man- 
ual. The manual will be mailed to the 
library upon written request of the li- 
brarian or principal. Others may pur- 
chase it. 


Besides these four publications, sev- 
eral others may be of interest to certain 
biology teachers and students. Rout the 
Weeds! by Dr. Tehon, is now in great 
demand by Chicago school children, who 
have just lived through a summer of 
high concentration and want to rid the 
world of weeds and hay fever with one 
spasm of enthusiasm. 

Teachers and students of agriculture 
will find useful Diseases of Small Grain 
Crops in Illinois by G. H. Boewe. This 
circular, containing 130 pages and 47 
unusually good illustrations, we like to 
believe is the most nearly complete and 
most amply illustrated circular on the 
subject. 

To biology teachers in peach grow- 
ing areas, two other recent circulars may 
be of interest: The Peach Tree Borers of 
Illinois by S. C. Chandler, and Controll- 
ing Peach Insects in Illinois by S. C. 
Chandler and W. P. Flint. 

Two other recent circulars of value to 
some teachers are Windbreaks for IIli- 
nois Farmsteads by J. E. Davis, and 
Outwitting Termites in Illinois by W. 
E. McCauley and W. P. Flint. 

Some of the biological notes on fish 
in artificial lakes, and on other wildlife 
of the state, may prove of value to teach- 
ers and students interested in these sub- 
jects. Recent titles in this series include 
Lake Management Reports 1, 2, and 3, 
by Dr. David H. Thompson and Dr. 
George W. Bennett; and The Water- 
fowl Research Program in Illinois by 
Arthur S. Hawkins, Frank C. Bellrose, 
Jr., and Hary G. Anderson. 
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Besides its own publications, the Sur- 
vey distributes publications of the Uni- 
versity of Illinois College of Agriculture 
and Experiment Station in which Survey 
staff members have had a part, and also 
reprints of articles published by staff 
members in outside periodicals. 


Dr. Frison has asked me to make two 
requests of teachers who wish to use 
Survey publications in their classes. He 
asks that the teachers themselves send 
in orders for an entire class rather than 
instruct students to order individually. 
Bulk orders save on mailing charges and 
save time in the mailing room. 

He asks further that teachers use dis- 
cretion in ordering publications. Survey 
publication funds are limited, and the 
Survey does not want to distribute pub- 
lications indiscriminately to persons who 
will not use and value them. On. the 
other hand, the Survey hopes that its 
publications will be widely and wisely 
used. It is happy if it can cooperate in a 
very real sense with biology teachers of 
Illinois in their significant work among 
high school students of the state. 


SCIENCE TEACHERS ASSOCIATIONS 


(Continued from page 5) 

be interested in a study of techniques 
of teaching certain units of subject mat- 
ter; in considering the problem of in- 
service training of teachers; in develop- 
ing sources of enrichening materials; in 
planning a guidance program in the fields 
of science; in developing objectives for 
a modern science course; in planning a 
science curriculum. These are only sug- 
gestive of possibilities for profitable 
study and research that would enlist the 
help of many teachers. 


The time required to accomplish the 
work may be only a year or it may be 
three or more years, depending on the 
project. When the work extends over 
the longer period of time, reports each 
year of work accomplished will sustain 
interest and also stimulate the workers. 


The Editor. 
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‘Two New Interesting Items 


Safety First — 


With the Stanscien 
AQUA-CELL 


Demonstrate the Sterage 
Batiery Principle 


Contains No Acids—No Alkali— 
No Harmful Ingredients — Safe 
for Instructor or Student. 

You can now teach the prin- 
ciple of the ‘‘lead-acid’’ storage 
cell without danger of acid 
burns or clothing damages. 

Stanscien AQUA-CELL is a 
safe storage cell. It contains no 
acid or afkali; yet, it may be 
easily charged and discharged 
without danger to teacher or 
pupils. 

A charged Stanscien AQUA- 
CELL démonstrates ringing an 
electric bell; lighting a flash- 
light bulb; electroplating pro 
cess; electrolysis of water; ef- 
fect of connecting storage cells 
in series and parallel, ete. 

No. 420I—STANSCIEN AQUA- 
CELL $2.00 
Complete with Instructions 


NEW-—ldeal for Classroom or Laboratory 
“IRIS” Electric Eye Photocell Kit 


For Experimenting with Photocells 

You can NOW AFFORD to experiment 
with photoelectric cells. The “STANSCIEN” 
IRIS ELECTRIC EYE Phetocell Kit is only 


$1.50 


It can be attached to: — 
Talk on a ilight 
film; control electric trains; make a burglat 


beam; reproduce seun¢ 


alarm without an amplifier; make a sensi- 


tive exposure meter; etc. 


ASSEMBLED EASILY 


Generates own power! No batteries required. 


Over 3 milliamperes at 6.4 volts. 5000 cycle frequeney response. 
Cat. No. 4165—“IRIS” Electric Eye Photocell Kit __._ $1.5t 


Complete with directions 


Standard Scientific Supply Corp. 


34-38 West Fourth Street, New York, N. Y. 


Introducing 


The INTERVIEW METHOD of 


Teaching Qualitative Analysis 
(Formerly the WHY of Qualitative Analysis) 


and directing attention to 


Some features that are worth-while in the NEW 


method: 


Diagrams SHOW how to proceed. 
Questions DIRECT how to proceed. 
Answers TELL why one so proceeds. 


The OBJECT of the book is to give begin- 
ning students the general idea of how Qual- 
itative Analysis is done (rather than to 
make analysts), therefore, the attention of 
the student is centered on WHY a reagent 
is added rather than on HOW MUCH. 
Several mg/cc may be used so the student 
will always get good results. 


The book is AN ANSWER to "thumbing of 
pages’ so necessary in so many other books 
on Qualitative Analysis. In this book the dia- 
gram-page and the reading-page pertaining 
to it are ALWAYS opposite and no thumb- 
ing is necessary. 


The 25 metals and the 20 acid radicals 
give what is usually considered sufficient 
work for beginning students. 


7. The book is an outgrowth of I5 years’ ex- 
perience in teaching Qualitative Analysis 
by the INTERVIEW METHOD. The book 
was first written for our own students with 
no idea of sale. Others, however, seem to 
like it, as we now have sales in every state, 
in many high schools and colleges. 

8. The number of Student Record Sheets has 
been increased in the REVISED edition since 
they were found so very useful in helping 
the student help himself. By filling in ‘'sub- 
stance, reagent, result, inference, precipi- 
tate, solution,” he follows each step of his 
work logically. 

9. The student learns more by doing the col- 
oring than for the manual to be supplied 
already colored. 

10. The book is designed for beginning chem- 
istry students and is the EASIEST and SIM- 
PLEST Qualitative Analysis book in print. 


11. All tests are reliable. 


ALFRED M. EWING, 
Texas Wesleyan College, 
Fort Worth, Texas. 


Send for sample copy, enclosing $1.00. Will re- 
turn dollar if not satisfied. Over 33 1/3 
percent off for 21 or more copies. 
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Made especially for High School and Elementary Science Work 


Cenco-Spencer Microscope 


UNUSUAL emphasis has been placed upon a sturdy, rugged construction that will 

withstand usage in the hands of students. The instruments are attractively finished 
in a velvety-black lacquer, resembling hard rubber, and are trimmed in chromium-plate. 
They command the respect due any high grade instrument. The optics are exactly the 
same as those of corresponding powers used on more expensive instruments. We are 
convinced that the Cenco-Spencer Microscope is an outstanding value at our price, 
and to substantiate our belief, we will refund the purchase price of any of these 
microscopes to any purchaser who does not agree with us and promptly returns the 
instrument with his comments. 


61000. Cenco-Spencer Compound Microscope, Improved Model, with 10X 
ocular, 4 mm. objective, and divisible 16 mm. objective. Each $60.00 
5% Discount in Lots of 5 to 12 


CENTRAL, SCIENTIFIC: COMPAN? 
SCIENTIFIC CINCO LABORATORY 
INSTRUMENTS APPARATUS 

New York © Boston «© CHICAGO © Toronto © San Francisco 

1700 IRVING PARK BOULEVARD, CHICAGO, ILL. 
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